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1. Literature Review 
1.1 Introduction to Biofuels, Plant-based Liquid Hydrocarbons: Cellulosic Ethanol and 
Biodiesel 
 
  Concerns about petroleum supplies, high energy prices, and increasing recognition of the 
human and environmental consequences of fossil fuels have prompted interest in biofuels (Hill et 
al., 2006; Manuel, 2007). Instead of being derived from petroleum, biofuels are plant-based 
energy sources that can be used in place of gasoline r diesel. Biofuels have the potential to 
provide a stable fuel source that reduces carbon emissions, sequesters carbon or at least has a net 
neutral carbon balance over the entire production life cycle. It is environmentally friendly, 
enhances ecosystem biodiversity, restores degraded l nds, and reduces American dependence on 
fossil fuels all without competing with food stocks. However, not all biofuel crops are equally 
viable or beneficial, and there is no one crop choie that will solve all of America’s 
transportation, fuel, and environmental needs. By choosing an optimized combination of crops, 
we can produce the fuel we need while restoring the environment, rather than harming it 
(Energy, 2013a).   
Research into potential types of biofuel crops has been underway for over a decade, but 
the growing negative consequences of fossil fuels and increasing public and government support 
have spurred greater and more diverse study into altern tive fuel sources (Manuel, 2007; Energy, 
2013a). Most automobiles run on either gasoline or diesel; biofuels are a way to replace these 
fuels with an environmentally friendly energy source that can be grown within the United States. 
There are many potential biofuel crops to choose from, which can be used to produce several 
different types of fuel.  
Diesel replacement comes from fuels such as biodiesel, produced from oils or fats using 
transesterification (commercial production typically uses soybeans), or pure plant oil, a 100% 
plant oil fuel product typically derived from vegetable oils (Energy, 2013b). Gasoline 
replacement comes from fuels including ethanol, fuel produced from the fermentation of sugars 
(Optimus Technologies, 2012a), which is broken intotw  main feedstock sources: grain and 
cellulosic. Grain-based ethanol is produced from the sugars contained within grains (usually 
corn), while cellulose-based ethanol (called cellulosic ethanol) is produced from the cellulose, 
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hemicellulose, and lignin contained within plant tissues (Regalbuto, 2009). Ethanol is an alcohol 
that is used in gasoline, and it has been added to fuel for decades.  In addition to reducing 
American dependence on foreign oil, a gasoline mixture containing ethanol has an increased 
oxygen concentration, which results in more complete combustion and a decrease in exhaust 
emissions. Carbon monoxide and toxic emissions are reduced by up to 30 percent and the levels 
of volatile organic compounds and particulate matter ar  reduced as well (Energy, 2013a). A new 
fuel source, cellulose based biodiesel, has received certification from the EPA. This new fuel 
may be better than soybean biodiesel for cold tolerance and lubricity, while delivering energy 
density, engine performance and storage properties comparable to petroleum diesel (Amyris). 
The two most common biofuels on the market in the US today are ethanol created from corn 
grain and biodiesel created from soybeans. These two fuels were the easiest to begin producing, 
but they are also among the worst options both enviro mentally and as an energy source. In 
Table 1 they are compared with ethanol and biodiesel produced from corn stover, switchgrass, 
and native mixed grass prairies as well as biodiesel from microalgae. Mixed grass prairie 
biomass has a higher energy conversion efficiency (the energy output divided by the energy 
input) than switchgrass and corn grain ethanol, and while it is comparable to soybean biodiesel 
and corn stover ethanol the large negative greenhouse gas emissions show a clear benefit over 
the greenhouse gas production through growing those crops. A microalga has enormous energy 
production potential, but it is still being developed and cannot utilize many of the lands that 
mixed grass prairie fields can.  
Biofuels are only beneficial if they meet several criteria. Firstly, they must produce more 
energy than they require in growth and processing. A crop with a low energy input should be 
favored over a crop with a high energy input, stresing the net energy gain instead of solely 
focusing on the value of the energy output. Secondly, biofuel crops should sequester carbon, 
with a negative net carbon output over the entire lifecycle of the fuel. Corn grain ethanol releases 
more carbon that it stores and, while it is less than traditional gasoline, it will not be able to 
reverse the growing CO2 levels in the atmosphere. Thirdly, biofuels should be environmentally 
friendly. Feedstocks requiring little irrigation and little to no fertilizer or pesticides should be 
favored. Additionally, if a crop provides other ecosystem services, such as reducing erosion and 
runoff, replenishing degraded soils, and providing habitat to wildlife, it should be pursued over 
other choices. Fourthly, the amount of land needed to produce the fuel feedstock should be 
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minimized. By choosing the right combination of sources, we can maximize the benefits while 
greatly reducing the possible deleterious effects of fuel production (Hill et al., 2006; Manuel, 
2007). 
1.1.1 Government Funding and Development in the USA 
As the United States looks to produce more of its energy from renewable resources and 
reduce dependence on foreign oil, research is underway to investigate different options. The 
American Recovery and Reinvestment Act, set up under Pr sident Obama, provides $800 million 
for biofuels research and development, and also provides loan guarantees for renewable power 
projects, including biomass facilities (Recovery.gov, 2012). The Energy Independence and 
Security Act of 2007 makes this research even more pressing as new industries are created to 
meet the changing regulations and requirements it established. The EPA is now responsible for 
ensuring that the gasoline sold in the US contains t least a minimum volume of renewable fuel, 
with that volume set to increase each year. These changes have been occurring slowly for 
decades, but have only recently begun shifting funding toward cellulosic ethanol over the corn-
based ethanol and soybean based biodiesel that currently account for the majority of American 
biofuel produced (Manuel, 2007).  
1.2 Biofuel Crop Production and Available American Croplands 
The increase in biofuel production creates a new problem: an increasing number of acres 
must be devoted to biofuel crops in order to produce a supply large enough to meet future energy 
needs (Table 1), but this use takes away land from o d production. Currently, corn grain is 
being used to produce starch-based ethanol, but cell losic ethanol offers an alternative that does 
not use plant matter that would otherwise be consumed (Ceotto, 2008). In this key area of 
development several different biofuel crops are being considered for cellulosic ethanol 
production; including corn stover, switchgrass, andmixed grass prairies. 
According to the most recent Agricultural Census (2007), the lower 48 states in the 
United States have 406 million acres of available cropland, down from 434 million acres in 2002 
(Agriculture, 2009). Cropland consists of all land used for crops, idle land, and pastures. The 
amount of land designated as cropland has been declining for the past 50 years and is becoming 
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increasingly concentrated in the Midwest, with soil degradation being a leading contributor to 
this decline. Soil becomes degraded in many ways, with the most common causes in agricultural 
lands being erosion from wind and water, compaction during planting, fertilizing, and harvesting, 
the depletion of nutrients and organic matter, and the loss of soil biodiversity(Systems, 2013). 
It is unlikely that additional cropland will be adde  in the United States in response to the 
increased demand for biofuels. Instead, biofuels wil compete for land with other agricultural 
uses, such as pastureland and idle land (Administration). In 2007, 96.8 million acres of the total 
crop land in America was not harvested. While 35.7 million of these acres were used for pasture 
land, the remaining 61 million acres have the potential to grow certain kinds of biofuel crops 
(Agriculture, 2009).  
These 61 million acres include fields where all the crops failed, where they are planted 
with cover crops or are undergoing other forms of soil improvement, and lands enrolled in 
Conservation Reserve, Wetlands Reserve, Farmable Wetlands, or Conservation Reserve 
Enhancement Programs (Agriculture, 2009). Constraints set for productivity, as well as 
environmental and contractual limitations, mean that corn and soybeans are not feasible crops for 
many of these lands. There may be significant opportunities to use these acres to grow “low-
impact” energy crops like native grasses (switchgrass and mixed grass prairie) for cellulosic 
biomass production (Region, 2013).  
Cellulosic biomass from switchgrass, hybrid willow and poplar trees, agricultural 
residues, and other sources has significant ethanol supply potential, possibly up to four times the 
potential of corn (Perlack et al., 2005). Also, switchgrass (and mixed grass prairie) could be 
grown on these Reserve Program lands (Agency, 2013), where corn cannot be grown 
economically (Administration). There is the additional potential for using land currently 
managed by the Department of Transportation for production of ethanol from mixed grass 
prairies. Rather than the ryegrass and invasive plants commonly seen along roadsides and in 
highway medians, mixed grass prairies could be planted. These could then be harvested and the 
biomass used, instead of simply being mowed as they currently are. The legumes included in 
native mixed grass prairies would prevent nitrogen from becoming limited, as the cut biomass is 
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removed. Phosphorus fertilizer may need to be applied, though the presence of phosphorus in 
road runoff may mitigate this need (US Geological Survey, 2005).  
1.3 Differences in Crop Choices 
There are two main classes of biomass currently used for biofuel production; 
monoculture crops grown on prime agricultural lands (including corn grain, switchgrass, poplar, 
and soybeans) and waste biomass (including corn stover, waste wood, and straw). These prime 
fields are limited, and so the current biofuel crops must compete with food crops for space (Dale 
et al., 2013). As the demand for both food and energy increases, there is concern for the 
sustainability and environmental impacts of the biofuel crops. Current commercial biofuel crops 
compete with food crops for fertile lands, and also threaten ecosystem biodiversity as natural 
lands are converted for biofuel production.  The planting of these agricultural crops also 
increases pollution from pesticides and fertilizers (Tilman et al., 2006). Cellulosic ethanol 
produced from corn stover has the same problems as grain-based ethanol from corn grains, as 
they are produced from different parts of the same plant. The only advantage of ethanol from 
corn stover instead of corn grains is that the earscould still be consumed, either by humans or 
used in animal feed.  
1.3.1 Problems with Monocultures 
Monocultures have been used because they allow for the maximization of food 
production by optimizing crop density and available resources. Unfortunately, while the 
concentration of one species in an area increases the efficiency with which a food crop can be 
harvested, this makes the crop more vulnerable to diseases and pests. Diseases can spread rapidly 
in monoculture crops, resulting in lower yields, increased food prices, and famine in extreme 
cases. Pesticides are then necessary to prevent damage to the crops from most pests, but they do 
not safeguard against all pests. Fungi has plagued crops and caused billions of dollars worth of 
damages, and human deaths. The risk of devastation o densely planted monocultures and crops 
with little genetic diversity was demonstrated in the potato famine in the mid-1800s and again 
with the southern corn leaf blight in the 1960s and70s (Cavins et al., 1972; Townsend et al., 
2008) and the crop damage caused by the European Corn Borer in recent years (Entomology, 
2013). The genome for Phytophthora infestans, the cause of potato blight, is unusually large and 
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74% of it is made up of transposons that allow it to rapidly alter its attack as it encounters 
resistant varieties. Monocultures with low genetic diversity simply cannot compete in this 
evolutionary-arms race (Marris, 2009). 
1.3.2 Monocultures - Soil Degradation and Artificial Fertilizers  
Soil degradation is a global problem that not only harms the environment, but also 
decreases the amount of crops that can be produced and jeopardizes the global food supply. As 
nutrients and even the soil itself are lost, some land can no longer be farmed. Other fields 
produce less than they used to, even with artificial fertilizers. Soil degradation can also occur 
when fertilizers are not managed properly and the organic matter in the soil is allowed to decline. 
There is an increased risk of soil erosion when soil i  left exposed, which is present especially 
within corn fields where much of the soil is left bare. The best way to prevent soil from being 
washed or blown away is to have it wholly covered with vegetation, maintain the organic matter 
within the soil, have it be finely interwoven with roots and rootlets, and have the fields on 
horizontal ground (Townsend et al., 2008). Fields are also especially vulnerable to soil erosion 
when they are tilled, and no-till farming methods are the most effective way to prevent this 
(Agriculture, 2013).  
Unlike corn, switchgrass and mixed grass prairie fields fulfill all of the suggested ways 
for preventing erosion with vegetation. Both switchgrass and mixed grass prairie fields prevent 
soil erosion through interwoven roots and maintain de se ground cover during the growing 
season and after they are harvested. While switchgrass and mixed-grass prairie fields should be 
tilled before planting, this is only done once and then the crop grows as a perennial (Region, 
2013).When the crops are harvested, a few inches of vegetation are left above the soil, and the 
roots remain intact below. The little vegetation left after fall harvest remains through to the next 
growing season, and is gradually broken down over time o replenish the organic matter in the 
soil. Some farmers burn this vegetation to further replenish the soil, and while some carbon is 
released into the atmosphere through this process much of it remains on the field and the new 
growth allows it to remain a net carbon negative practice. When burned in the spring, the plants 
soon send up new shoots from the roots and rhizomes, again providing ground cover, and any 
nitrogen content that was lost is quickly replace in fields that include legumes, as the Rhizobium 
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and Bradyrhizobium that form symbiotic associations with legume roots naturally fix nitrogen 
into the soil.  
Corn, on the other hand, does not provide dense ground cover at any time and the rows 
are spaced feet apart so that there is not an interwov n root structure to hold soil in place. This 
difference is especially important in areas that are sloped, prone to droughts or severe rains and 
floods, or that experience other severe weather. 
Crops planted in monocultures also quickly deplete soil nutrients. In the 1730s, Viscount 
Charles Townsend introduced a four-crop rotation system to combat this problem in Europe 
(Britannica, 2009), promoted by George Washington Carver through t the American South in 
the early 1900s (Fame, 2002). Farmers and scientists have continued developing new ways to 
replace the necessary minerals. Even with crop rotation, more fertilizer is often necessary to 
amend the soil and replace what is depleted. Inorgaic artificially produced fertilizers were 
invented during World War I, and became popular in the 1950s (Bashkin, 2002) and the 
production of nitrogen fertilizers has continued to increase with time. Between 1962 and 2001, 
annual worldwide production grew from 13.5 to 86.4 Tg (1Tg = 1012g) and is used mainly for the 
production of cereals (Mosier, 2004). There has also been a large increase in the contribution of 
fertilizer nitrogen to the total nitrogen inputs in a system, and large amounts of carbon emissions 
and energy use come from the creation and distribution of these fertilizers. Much of the energy 
inputs for corn are from the production and application of artificially produced fertilizers (Table 
1). This large energy demand greatly reduces the net nergy gain for corn as a biofuel feedstock.  
Unfortunately, today on average only 50% to 60% of nitrogen applied to crops is actually 
taken up by the plants for several reasons. Agricultural monocultures, like corn, can only utilize 
soil nitrates from one rooting zone, unlike natural systems, such as mixed grass prairie fields, 
where the variety of vegetation means a diversity of ro ting depths and systems. Most artificially 
produced fertilizers are also only applied once or twice a year, instead of being gradually fixed or 
introduced throughout the growing season, resulting in it more readily leaching from the soil 
(Dinnes et al., 2002; Li et al., 2006; Townsend et al., 2008). In some areas up to 80% of the 
fertilizer leaches directly to groundwater and surface water, depending on crop type, soil 
characteristics, and climate (Bashkin, 2002). The excess nutrients also cause eutrophication in 
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nearby freshwater streams, ponds and lakes (Institute, 2013a), which can result in blooms of 
toxic algae. This has potential harmful effects to human and animal health, blue baby syndrome 
and even death if infants under six months of age consume water contaminated with high nitrate 
levels (Agency, 2012).  Excess nitrogen in the ecosystem results in soil acidification, increased 
ozone depletion, loss of biodiversity, and the contamination of ground and surface waterways 
results in water acidification (Motavalli et al., 2008) and hypoxia in the ecosystem (Institute, 
2013b). There may also be an increase in disease vectors such as mosquitoes, that spread malaria 
and West Nile virus, as a result of increased concentrations of inorganic nitrogen in surface water 
where the larvae develop (Mosier, 2004). Research is ongoing to determine the cause of this 
linkage, but a clear correlation was shown between increased nitrogen levels and mosquito larval 
abundance and adult mosquito production (Sanford et al., 2009). The United Nations report on 
Critical Trends in Global Change and Sustainable Development from 1997 stated that excessive 
use of pesticides and poor cultivation techniques have led to widespread water contamination 
and soil degradation. It goes on to stress that measur s must be taken to prevent further 
degradation because their effects require decades of management to reverse(Council, 1997; 
Townsend et al., 2008). In the past, American farmers relied on cheap energy and the excessive 
use of fertilizers and pesticides, however increased concern for environmental impacts and the 
rising cost of petroleum fuel is changing that practice (Trautmann et al., 2012) as farmers look to 
reduce costs and new regulations are passed to protect against leaching into waterways.  There is 
also increased concern over not only the negative en ironmental impacts of pesticides, but of the 
dangers they pose to human health as well. Approximately one million people die each year as a 
result of pesticide poisoning, with farmers and those who work to produce the pesticides at the 
highest risk (Aktar et al., 2009). Together this increases the importance of identifying biofuel 
crops that have lower fertilizer, pesticide and fuel needs.  
1.3.3 Native Mixed Grass Prairies 
 Mixed grass prairie fields require little energy input, especially when compared to other 
biofuel crops (Table 1).  For traditional monocultures, energy is expended for seeding, tilling, 
and the production, transportation, and application of pesticides, herbicides, and fertilizers. For a 
mixed grass prairie field, all of these inputs are gr atly reduced and some are completely 
eliminated. Due to the perennial nature of the plants, the field only needs to be planted once and 
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irrigation is only necessary during the initial establishment. The fields do not need to be treated 
with herbicides, and pesticide use is typically unnecessary. Mixed grass prairie fields do not need 
to be fertilized with nitrogen because the legumes in the mixture naturally fix nitrogen into the 
soil through the symbiotic organisms in their roots, though in some areas phosphorus 
replacement may be required periodically depending on the soil phosphate content. Annually the 
energy input for a mixed grass prairie is estimated t 4.0 GJ ha-1 year-1, which includes the fossil 
energy needed for biomass production, harvest of the biomass, and transport to a biofuel 
production facility (Figure A1). When burned with coal in existing coal-fired electric generation 
facilities, mixed grass prairies provide a net energy gain of 18.1 GJ ha-1 as electricity. Converting 
mixed grass prairie biomass into cellulosic ethanol and electricity provides a net energy gain of 
17.8 GJ ha-1. When converted into gasoline and diesel synfuels and electricity (via the integrated 
gasification and combined cycle technology with Fischer-Tropsch hydrocarbon synthesis) 
provides an estimated net energy gain of 28.4 GJ ha-1. The annual energy input for corn is 
approximately 75 GJ ha-1, while the net energy gain from corn grown on fertil  soil is 18.8 GJ 
ha-1 (Tilman et al., 2006). As depicted in Figure 1, corn-based ethanol d mixed grass prairie 
fuel options are comparable in net energy gain, with synfuel use of prairie being potential 
superior to corn. 
When compared to forests growing in areas with similar environmental characteristics, 
prairies are actually a superior carbon sink (Sampson and Knopf, 1994).  Large amounts of 
carbon are stored in grassland soils: rates of 4.4 Mg ha-1 year-1 were observed in fields planted 
with a mix of 16 different species native to the US. The amount of carbon sequestered in fields 
planted with grasses or grains is a log function of the number of species present (Tilman et al., 
2006), so in native grasslands with even higher diversity this value could be much higher than 
the amount observed in the study. 
Increasing the biodiversity of the crop planted canalso increase the energetic output from 
that crop. A field with a balance of 16 native prairie plant species containing legumes, forbs, and 
C3 and C4 grasses produced 238% more above-ground biomass than did plots containing only a 
single species (Ceotto, 2008). A mixed grass prairie field has a net energy gain very close to corn 
grain-based ethanol when the biomass is converted in o electricity, ethanol, and synfuel (Ceotto, 
2008). The diverse range of plants fills more ecological niches, which results in the field having 
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higher efficiency. Together different plant species are better able to exploit all available 
conditions, including light as well as water and nutrient resources, than a monoculture. The 
inclusion of legumes in the field also reduces an energy intensive input found in monocultured 
fields, the need for fertilizers. Instead of industrial nitrogen fertilizers that are energy-intensive, 
both in production and application, the legumes fix nitrogen into the ecosystem naturally 
(Ceotto, 2008). 
1.4 Biodiversity, Sustainability and Ecosystem Implications  
The sustainability of the three crop choices examined here; corn, switchgrass, and mixed 
grass prairie, should also be considered as the world orks to combat and adapt to climate 
change. An important aspect of sustainability is the environment’s ecological resilience. The 
higher the species richness in a particular landscape, the greater the chances are that sudden 
environmental changes can be tolerated by this resilience. The higher the species richness the 
more likely there are to be differences in environme tal sensitivity among species that are 
functionally similar, which is important for the stability of the ecosystem (Chapin IIIet al., 
1997). The communities with greater abundance have a higher chance of returning to equilibrium 
population densities after sudden changes than would communities with lower diversity (Pimm, 
1991). 
High-diversity mixtures of native plants require low input and do not compete with food 
crops, because they can be grown on degraded and marginal lands. The plant mixture contains 
legumes, which replace nitrogen in the soil that was lost when the fields were planted with other 
crops. Mixed grass prairies also provide a much greate  net energy output per unit of fossil fuel 
input that the other two types of biofuels (Tilman et al., 2006). 
Even after the effects of biocides are accounted for, the variation in species diversity 
depends mostly on the biodiversity of the environmet, with organismal biodiversity being 
higher in less intensely cultivated habitats (Duelli t al., 1999). Plant functional group richness 
and plant species richness both have positive effects on the total insect species richness. After the 
effects of plant function group richness were contrlled for, higher plant species richness also 
showed an increase in insect abundance. Negative effects on arthropod abundance from plant 
functional group richness seen in other studies were shown to be a result of the negative effect of 
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C4 grasses. Unlike other plants found in prairie fields, C4 grasses are a poor food source for 
herbivorous arthropods and provide no benefit for pollinators (Haddad et al., 2001). Switchgrass 
and corn are C4 grass, and so lower arthropod abundnce is expected in these fields. 
Arthropods are a large part of the biodiversity in agricultural systems and are directly 
correlated with the overall system diversity (Diekotter et al., 2008). They are important because 
arthropods, while often only thought of as pests in agriculture, provide vital pollinator services, 
seed dispersal, serve as biological controls, and are an important part of the food web. 
Amphibians, reptiles, birds, and mammals all rely on arthropods directly or indirectly for food. 
Even mainly herbivorous species, like many birds native to North America, rely on arthropods to 
feed their young.  
1.5 Pollinators and Pollinator Decline  
In a prairie field, flowering plants are important for insect diversity because of both 
pollination and seed dispersal. These mutualisms connect many populations of flowering plants 
and insects (Ricklefs, 2001).  There is a great level of concern for the consequences of pollinator 
decline on insect-pollinated crops in an agricultural environment, as well as the effect this can 
have on wild plants. Pollinators are declining globally due to habitat loss, habitat fragmentation, 
pesticide use, parasites, and even pathogen spillover from commercially raised bee colonies 
(Cox-Foster et al., 2007; Grixti et al., 2009; Naug, 2009; Mullin et al., 2010). Both native 
pollinators and commercially raised honeybees have been affected, with honeybee losses being 
especially noticeable. The colony collapse disorder (CCD) is characterized by the sudden 
disappearance of honeybees from their hives. Hives ar  found almost empty of adult bees, with 
no dead bodies or outward signs of disease present. Immature bees and food are still present, but 
the colony’s foragers have disappeared (Oldroyd, 2007). 
In one dramatic example of a taxon group in decline, e tomologists in North America 
have observed a decline in both abundance and distribution in some species of bumble bees that 
were previously common. There are documented declines in bumble bee diversity over the last 
35 years throughout the United States and from Ontario, Canada as well (Grixti et al., 2009). 
Bees are also declining in Europe due to the decrease in natural and semi-natural habitats caused 
by rapid population growth and expanding industry and farming. The push for increased food 
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production and changes in technology have resulted in the increased cultivation of marginal 
lands (Sampson and Knopf, 1994), and declines in bumble bee populations are often observed in 
areas where agricultural intensification and urbaniz tion have occurred (Grixti et al., 2009). 
The maintenance of diversity of wild plant communities is closely tied to the role of 
pollinators in the ecosystem (Moroń et al., 2008). Bumblebee species have varying tongue-
lengths, the ability to buzz pollinate, and can pollinate at lower temperatures than other bees. 
This makes them some of the most effective pollinators. Declines in their populations have 
serious ecological implications, as well as economic consequences. Bees provide the service of 
pollination that is vital for both natural and managed systems. In agriculture these services are 
worth billions of dollars each year (Moroń et al., 2008) on crops that make up 35% of the global 
food supply. 
Bumble bees are important connectors for pollination networks and many wildflower 
species are pollinated predominantly and even exclusively by bees (Grixti et al., 2009). They are 
considered to be the most important pollinators (Hopw od, 2008) and their conservation must be 
prioritized. Increasing the available habitat through a change in crop choices and management 
practices, and by providing connections between habitat segments should help. Bees in 
agroecosystems feed on wildflowers that grow in field margins and in semi-natural habitats, with 
their diets supplemented by the gluts of flowers provided by crops (Fell, 1986; Diekotter t al., 
2010). 
The heavy use of pesticides is also contributing to the decline of bees (Grixti et al., 
2009). Honeybees and bumblebees are readily exposed t  pesticides in modern cereal farming 
systems. Many crops that are routinely treated withpesticides, including corn, are relied on 
heavily by bees while in bloom (Mullin et al., 2010). Systemic pesticides diffuse throughout the 
entire plant, contaminating the nectar and pollen (Bonmatin et al., 2003; Brittain and Potts, 
2011). The foraging bees are then directly exposed, an  the entire hive is exposed to the pesticide 
when the foragers return with the pollen (Rortais et al., 2005; Krupke et al., 2012). While the 
authorization procedures for pesticides now require mortality surveys to ensure bees do not 
encounter lethal doses in the field, a growing body f evidence shows that sub-lethal doses are 
still highly damaging (Henry et al., 2012).  
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While sublethal pesticide doses do not kill foraging honeybees outright, they have been 
shown to impair memory, olfactory memory, learning, and navigational skills (Decourtye et al., 
2003; Decourtye et al., 2004a; Decourtye t al., 2004b; Desneux et al., 2007). Exposure may 
induce abnormal foraging behavior in honey bees (Colin et al., 2004; Yang et al., 2008; 
Mommaerts et al., 2010; Schneider et al., 2012) and impair orientation skills (Bortolotti et al., 
2003). Neonicotinoid pesticides are especially harmful, as they target an important 
neurotransmitter in insects (Tomizawa and Casida, 2003; Millar and Denholm, 2007).  
Thiamethoxam, a neonicotinoid pesticide, has been shown to negatively impact honey bee 
foraging even at sublethal levels (Henry et al., 2012). Similar effects have been shown when 
wild bumble bees are exposed to imidacloprid, another neonicotinoid pesticide. The bumble bees 
exposed to the pesticide grew more slowly and had higher mortality rates than the control group. 
Even more damaging, the rate in which new queens were produced in a colony decreased greatly 
(mean number for the control was 13.72 while the high and low treatment groups had only 1.4 
and 2.0 respectively) and was disproportionately large compared to the drop in colony size 
(Whitehorn et al., 2012). In the past, field studies of Bombus lucorum showed that queens are 
only produced in large nests (Müller and Schmid-Hemp l, 1992).  
The extent to which the foragers were affected by pesticide exposure depends on the 
landscape context and the forager’s prior knowledge of the area. Honeybees that are exposed 
close to their hive, in areas they are familiar with, are less affected than bees that are foraging far 
from home, or that are inexperienced foragers. Thissuggests that populations of native bee 
species, which often forage solitarily over vast ditances, are even more susceptible to pesticide 
exposure (Henry et al., 2012). Combined with the greatly reduced queen production that comes 
with disproportionately small decreases in colony population size, and that only new queens 
survive the winter to found new colonies the next year, the population-level consequences of 
pesticide exposure in bees is likely to be substantial (Whitehorn et al., 2012).  
Bees are valuable pollinators of crops and wildflowers, and a vital part of the ecosystem. 
Farmers must be educated about the detrimental effect spraying pesticides on one crop will 
inevitably have on another crop, through the loss of the necessary pollinators. Crops that do not 
require the use of pesticides, such as mixed grass pr irie, would therefore benefit the pollinators 
and the crops they pollinate. A study in Iowa showed that bumble bee diversity in prairie 
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remnants was strongly influenced by the resources not just in the prairie, but in the surrounding 
area, as well (Grixti et al., 2009). Organismal biodiversity is higher in less intensely cultivated 
habitats, and insect communities are also affected by the type and severity of management used 
on the field. Insect declines are evident after mowing, but recolonization occurs rapidly 
(Swengel, 2001). This suggests that choosing native m x d grass prairies as a major source of 
biofuel, over corn, would benefit the populations of native and commercially raised bees, as well 
as the butterfly, moth, beetle, fly, and wasp populations that all contribute to pollination. The 
would be further aided by harvesting parts of a field at different times, harvesting neighboring 
fields at separate times, or leaving small areas of a field untouched.  
1.6 Decision Making 
When choosing the crop to be planted for ethanol development, it is important to consider 
the energetic output and energetic needs for growth and harvest, as well as the environmental 
impact each crop choice would have. Biofuels are a n cessary alternative to petroleum-based 
fuels, and are necessary to reducing American carbon-emissions. However, all biofuels are not 
the same and policies that promote and regulate them need to include guidelines that ensure the 
best options are developed. Twelve general principles are outlined in Table 2 that strive to focus 
future research, development, and policy decisions on the best choices for our energy future. 
Many of these principles are met with polycultures of mixed grass prairie fields (points 2, 3, 4, 6, 
7, 8, 9, 10, 11, and 12) with additional research described throughout Chapter 2 of this paper, 
that further examines the effect of corn and switchgrass monocultures and native mixed grass 
polycultures on ecosystem services. Specifically, the biodiversity impacts that the crop choice 
will have on the insect communities where these crops are planted. Insects play an important role 
not just in the ecosystem as a whole, but also in the production of much of the food we eat.  
Sixteen different orders were found during sampling a d they will be introduced here. 
Coleoptera is composed of many different varieties of beetles, including the Ladybug and 
Japanese beetle. The insects in this order are a mixture of herbivorous species, like the Japanese 
beetle and Firefly, and carnivorous ones, like the Ladybug, and some even fed on fungus, but 
they all share the characteristic “sheathed wings” for which they are named. Dermaptera were 
named for their leathery looking wings, and these earwigs are also easily recognized by their 
large forceps. Earwigs are mostly scavengers or herbivores, and remain hidden for most of the 
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day. Eggs are laid in the soil, and the females guard them until they hatch. The order Diptera is 
made up of flies. Named for their two wings this order includes the blood-sucking mosquito, 
predatory bee flies, and many others that are herbivores, parasites, and scavengers. A common 
member of the order Hemiptera, or true bugs, is the s ink bug. These are mostly herbivorous 
insects, which suck plant juices with their specialized mouths. The next order, Homoptera, may 
in fact be part of the order Hemiptera, but there is not a consensus and so they were identified 
separately here. Homoptera includes cicadas and leafhoppers, and this order is also composed of 
mostly herbivorous species. Hymenoptera is a diverse o der including ants, bees, and wasps. The 
bees are responsible for pollination, while many of the wasps collected in this study were 
parasitic. The ants are both scavengers and herbivores, and can scatter seeds in perennial crops. 
Lepidoptera is composed of butterflies and moths, while the adults aid in pollination the 
caterpillar larvae are herbivores. Neuroptera, named for their net-veined wings, are the Lacewing 
insects, which feed primarily on small invertebrates. Odonata, or toothed flies, are the 
dragonflies, which feast on mosquitoes and other small arthropods. Orthoptera is a mostly 
herbivorous order composed of crickets, grasshoppers, and katydids. Siphonaptera are fleas, and 
these feed on different vertebrates. Thysanoptera, the fringed wing insects, are tiny thrips that are 
usually less than 1/6 of an inch long. Ladybugs and other insects that feed on them can easily 
control these tiny herbivores. The order Acari includes ticks and mites, and these arthropods are 
not insects. Araneae is composed of spiders and these pr datory arthropods feast on other 
invertebrates in the fields of Michigan. The last two orders only had one and two individuals 
found respectively, Lithobiomorpha are short-legged c ntipedes and Opiliones (formerly 
Phalangida) are Daddy long-legs (Society, 1980; Borror and White, 1998; Meyer, 2009). All of 
these orders are important parts of the ecosystem with predatory and parasitic individuals helping 
to keep herbivore populations in check, and all of them serving as potential food sources for 
vertebrates like birds and frogs. 
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2. The Abundance and Biodiversity of Insects and Arachnids in Biofuel Crops: Corn, 
Switchgrass and Mixed Grass Prairie.  
 
Abstract 
Concerns about fossil fuel prices and harmful effects have prompted research and 
investment in biofuel development. Biofuels have th potential to provide a stable fuel source 
that reduces carbon emissions. However, the ecological impacts of different crop choices should 
be examined. Arthropod communities in corn and switchgrass monocultures and mixed grass 
prairie polycultures were examined to determine the impact of the crop choice on the arthropod 
communities. Results show that, when compared to corn and switchgrass fields, mixed grass 
prairie fields had higher values for arthropod biomass, number, size, the number of orders 
present, the number of individuals in each order, and the overall arthropod diversity. Corn fields 
were dominated by Diptera (61.83%) and contained very low abundance of the other orders 
found in this study. Mixed grass prairie fields also showed Diptera as the most prevalent order 
(43.47%), followed by Hemiptera (17.89%) and Homoptera (13.65%), Hymenoptera (6.12%), 
Coleoptera (5.61%), with the others each less than 2.5%, Thysanoptera, Acari, Araneae, 
Lepidoptera, Orthoptera and Odonata. Switchgrass fields showed arthropod communities with 
diversity levels between that of corn and mixed grass prairies, with Diptera (39.33%), Coleoptera 
(17.91%) and Hemiptera (16.33%) dominating the community. Hymenoptera 5.53% and 
Lepidoptera, Odonata, Orthoptera, Thysanoptera, Acari and Araneae total 17%. Average 
arthropod abundance was 49.33 individuals and 98 milligrams in mixed grass prairie fields, 
35.59 individuals and 49 milligrams in switchgrass fields, and only 23.93 individuals and 23 
milligrams in corn fields. The average number of orders found was also correlated to field type, 
with 4.17 in corn fields, 5.53 in switchgrass fields, and 7.08 in mixed grass prairie fields. It is 
concluded that transitioning from planting fields with corn to growing mixed grass prairie, or 
switchgrass, for cellulosic ethanol and biodiesel production would increase the overall 





Concerns about high energy prices, petroleum supplies, and increased recognition of the 
environmental and human consequences of fossil fuels have led to the search for an alternative 
fuel source (Hill et al., 2006; Manuel, 2007). Biofuels are an alternative to petroleum-based 
fuels, and are one possibility for reducing carbon-emissions. Rather than being derived from 
petroleum, cellulosic biofuels are plant based energy sources that can be used in place of 
gasoline and diesel (Technologies, 2012b; Energy, 2013a, b). Many different crop types can be 
used to produce cellulosic ethanol and biodiesel, with varying environmental and energy 
implications. Several policy recommendations have be n proposed to ensure that crop choices 
are evaluated for their full life cycle energy inputs and outputs, as well as their environmental 
impacts (Groom et al., 2008). Some crop choices, liked mixed grass prairie fields, use native 
species that grow perennially and require very little, if any, irrigation or fertilizer once 
established. These polycultures also meet several of the other policy recommendations by using 
native species, reducing soil depletion, and increasing wildlife habitat.  
Many studies have looked at the energetic outputs and inputs, fertilizer use, pesticide use, 
water use, carbon emissions, and fuel yields of many potential crops (Sheehan et al., 1998; 
Perlack et al., 2005; Farrell et al., 2006; Hill et al., 2006; Tilman et al., 2006; Adler et al., 2007; 
Chisti, 2007; Groom et al., 2008). The results, summarized in Table 1, show that while mixed 
grass prairie polycultures and switchgrass monocultures have a lower fuel yield than corn grain 
ethanol, they are much more efficient than corn grain when energy inputs required for crop 
growth are included in the calculations (Tilman et al., 2006). Biodiversity within a crop has also 
been shown to be beneficial not just environmentally, but also for increasing crop yields. Fields 
planted with a mixture of 16 different native prairie species, including forbs, C3 and C4 grasses, 
and legumes, produced 238% more above ground biomass th n plots that contained only one 
species (Ceotto, 2008). The mixture of plants is better able to exploit all available conditions, 
including lights as well as nutrient and water availability, than a monoculture. The addition of 
legumes to the field naturally increases the nitrogen content in the soil, and reduces the 
economically and energetically costly use of fertilizers (Ceotto, 2008).  Mixed grass prairie 
polycultures and switchgrass monocultures can also grow on land where corn cannot (Agency, 
2013; Region, 2013). Deep, dense, interwoven roots keep the plants, and soil, in place even on 
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hills and in areas with frequent flooding were soil erosion is common. Fields planted with these 
perennial crops much be tilled before they are seeded, and irrigation may be necessary in the first 
growing season, but once the plants are established they require little energy input. 
As a nation we face many problems: soil degradation (Government, 2012), rising fuel 
prices, the negative effects of fertilizer use (Mosier, 2004), negative effects of pesticides 
(Schmuck et al., 2001; Bonmatin et al., 2003; Decourtye t al., 2004a; Desneux et al., 2007; 
Aktar et al., 2009; Brittain and Potts, 2011; Henry et al., 2012; Krupke et al., 2012; Whitehorn et 
al., 2012), and pollinator decline (Brittain and Potts, 2011) which is further intensified by climate 
change (Hegland et al., 2009) and includes honeybee colony collapse (Cox-Foster et al., 2007; 
Naug, 2009) is of particular concern. We must recognize that many of these problems are 
interconnected and that using food crops for fuel is not the answer. Not only is it a self-imposed 
competitor to our food supply, monocultures that require heavy pesticide use negatively affect 
pollinators (Schmuck et al., 2001; Decourtye t al., 2004a; Desneux et al., 2007; Brittain and 
Potts, 2011; Henry et al., 2012; Krupke et al., 2012; Whitehorn et al., 2012), which are a 
necessary component in the production of most of our ruits, vegetables, and the foods derived 
from them. As we look to alternative energy sources to reduce our dependence on petroleum, and 
perhaps one day completely replace it, we must ensur  that the crops we choose do not intensify 
our other problems.  
How will the crop choice impact the arthropod communities where these crops are 
planted? Unlike other plants found in prairie fields, C4 grasses such as switchgrass are a poor 
food source for herbivorous arthropods and provide no benefit for pollinators (Haddad et al., 
2001) as most are pollinated by the wind. Forbs provide necessary food for pollinators and can 
increase their abundance, but do not produce as much biomass as grasses. Legumes do not 
produce a large amount of biomass themselves, but the ni rogen they fix into the soil allows for 
increased biomass production by other plants (Ceotto, 2008) and their flowers may also benefit 
pollinators.  
Arthropod communities play a vital role in the ecosystem, but they have a complex 
relationship with agriculture. Arthropods are a large part of the biodiversity in agricultural 
systems, and are directly correlated with the overall system diversity (Diekotter et al., 2008). 
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While often thought of only as herbivorous pests in agriculture, arthropods also provide vital 
pollinator services, seed dispersal, and serve as biological controls. Pollinators are responsible 
for the production of over 27 billion dollars of food ear year in the United States, annually over 
130 million tons of directly dependent crops (blueberries, apples, almonds etc.) are produced and 
over 100 million tons of crops grown from seeds that resulted from insect pollination (carrots, 
onions, legume hays etc.) are grown (Calderone, 2012). On sunflower crops, the presence of 
native bees was shown to double the honey bee’s pollination efficiency on average (Greenleaf 
and Kremen, 2006). In 41 different crop systems, an increase in the abundance of wild 
pollinators was found to increase fruit set by twice as much as the same increase in honey bee 
abundance (Garibaldi et al., 2013) and an increased presence of non-managed social bees in 
coffee crops was shown to result in an 80% increase in yield and an 800% increase in 
profitability (Veddeler et al., 2008). Arthropods are also an important part of the food web in the 
ecosystems in and surrounding agricultural lands. Amphibians, reptiles, birds, and mammals all 
rely on arthropods directly or indirectly for food. Even mainly herbivorous species, like many 
birds native to North America, rely on arthropods to feed their young. Due to the large number of 
arthropod species and functional groups, their occurrence in many areas, and an arthropod’s 
importance in the functioning of natural ecosystems they are valuable tools in assessing any 
change made to the environment (Wilson, 1987; McGeogh, 1998; Langor and Spence, 2006).  
In the research presented here, the impact of crop type (corn, switchgrass, and mixed 
grass prairie) on the abundance and biodiversity of insect and arachnid orders was examined. 
Specifically, the impact of the field type on: arthropod biomass, arthropod number, arthropod 
diversity both in the number of orders present and the number of individuals present in each 
order, the change in arthropod distribution related to field type both with the percent of 
arthropods in each order and the average size of arthropods, and the individual orders found to 
better understand some of the environmental impacts of the three crops studied. 
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2.2 Methods 
2.2.1 Study Area 
The field sites sampled were located in Barry and Kalamazoo Counties in southwest 
Michigan. This area of Michigan experiences warm sumers with temperatures warmest in July, 
ranging from an average high of 84˚F (29˚C) to an aver ge low of 62˚F (17˚C). The winters are 
cold, especially in January when temperatures range from an average high of 32˚F (0˚C) to an 
average low of 17˚F (-8˚C). Average monthly precipitation in the summer increases steadily 
from 3.50 inch (88.9mm) in April to 4.10 inch (104.1mm) in September (Weather Channel, 
2010). The region lies in an ecotone that was dominated by oak savannahs between the temperate 
forest biome to the east and the temperate grassland biome to the west. One of the properties 
studied contains one of the last remnants of the original oak savannah (W. Boudeman, Personal 
Communication). The soils in this area of southwest Michigan are well drained, being 
moderately permeable in the upper horizons and rapidly ermeable in the lower horizons. The 
soil texture is loam over sandy material and the area experiences little to no flooding (Michigan 
Online Soil Manuscript). 
 
2.2.2 Experimental Design 
The chosen project sites included four sets of fields owned by Woody Boudeman: 
Burchett, Huckleberry, Kappy, and Mud Lake. Figure 2 shows a closer look at the Boudeman 
properties and is included in Appendix A. The four Boudeman sites contain fields of mixed grass 
prairie, corn, and switchgrass and the breakdown of the ields is seen in Table 3, with Figures 
A3-6 showing the individual sites. In total there aseven prairie fields, four switchgrass fields, 
and three corn fields for each of the 2008 and 2009 sampling seasons.   
In 2005, the Boudeman prairie grass plots were planted with Pheasants Forever Prairie 
Mix, which includes the grasses listed in Table 4 (J. Johnson, Personal Communication).  These 
plantings persisted throughout the 2008 and 2009 sampling seasons. The corn fields were planted 
with GMO feed corn designed to be Round-Up ready and resist the corn borer and rootworm. As 
this study set out to examine corn as a crop, not just as a plant, this was beneficial since the 
majority of corn crops currently grown in America are GMO. The corn fields were fertilized with 
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anhydrous ammonia a few weeks after the corn plants emerged (K. Lauden, Personal 
Communication). 
 
2.2.3 Sampling Methods 
To sample the arthropod populations, four to ten tra sects were set in each field, based on 
field size. Arthropods were collected using a 17-inch diameter sweep net. Sweeps were taken on 
the previously undisturbed field, with 50 sweeps (with back and forth strokes counted separately) 
taken while walking slowly resulting in a 40m2 sampling area. The first sampling period was 
June 28th-July 4th, 2008. The field sites were alsosampled in 2009 from June 16th-23rd.  At 
each site an edge of the field was chosen as a starting point and transects were placed along it at 
set intervals outlined in Figure 7. The transects were placed along the starting coordinate at 20m 
in from the starting edge and 80m from the starting ed e. Each transect was swept and the 
collected insects placed in gallon sized plastic bags. The insects were frozen to kill and store 
them before they were processed. Four transects from each field were selected at random to give 
a representational view of what was present and accommodate the random variation in 
vegetation density within each field. The arthropods were identified to order with the Peterson 
Guide to Insects (1998). The arthropods in each order were then counted and the data recorded 
for each transect. All of the arthropods from each transect were then placed in a labeled envelope 
and then into a drying oven at 70°C so that the biomass present in each transect could be 
measured. Biomass weight for all transects studied w re then measured after drying. 
 2.2.4 Arthropod Identification and Counting 
The arthropods harvested from each transect studied were classified to order by hand 
with the Peterson Guide to Insects (Borror and White, 1998). Transect samples were carefully 
transferred from respective freezer storage bag to an pen 6-inch plastic Petri dish and viewed 
through a Bausch and Lomb 1x-2x stereo microscope and light under 1x magnification. Forceps 
were used to separate clusters of insects when necessary to aid identification. The insects in each 
order for each transect were segregated, then counted, and the data recorded. All of the insects 
from each transect were then placed in a white labeled nvelope and then into a drying oven 
(Boekel Drying Oven, 1200 watt 115AC volt)  at 70°C so that the biomass present in each 
transect could be measured at a later date. To prevent uptake of moisture post-drying, the labeled 
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drying envelopes were placed into new freezer bags (Zip-Loc, gallon size), which were sealed 
and stored at room temperature away from direct sunlight. 
2.2.5 Biomass Quantification  
An Ohaus Model E01140 Balance with integral draft shield and 3.5 inch (90mm) 
measurement pan (certified calibration 15-months prior to use) was employed for all biomass 
measurements. Full-scale balance capability was 110g; with readability 0.0001g (0.1mg), 
repeatability (std dev) 0.0001g (0.1mg), and linearity ±0.0002g (±0.2mg). The respective 
contents of each transect specimen envelope were transferred to a single glass culture dish (VWR 
Culture Dish, 100x15mm), subsequently placed on the balance pan, and the draft shield closed. 
Balance stabilization was rated at less than 4 seconds (Ohaus, specification), but ten seconds was 
used in this study. The empty culture dish served as the balance tare load (38.1456g, as 
measured) and the balance output indicator was zeroed with tare applied. Hence, all biomass 
measurements were conducted relative to the tare lod applied. Biomass was logged to an Excel 
spreadsheet, as well as noted on the respective (empty) drying envelope, to which specimens 
were then returned after weighing.  Subsequently, the empty culture dish was visually inspected 
for remnant biomass, and then placed back on the balance pan with draft shield closed and the 
zero checked prior to the next transect measurement. The culture dish was cleaned with lint-free 
laboratory wipes (Kim-Wipe brand) and the balance re-zeroed under tare as necessary (bias from 
zero no more than ±0.0001g and within balance specifications noted above).  
2.2.6 Statistical Methods 
Analysis Of Variance (ANOVA) tests were run using Minitab 16 to see if the 
differences in diversity (taxonomic data) and abundance (biomass data) for the three field 
types were significant.  Canonical correspondence tests were run with CANOCO 4.5 to 
examine the relationship between field type and each order, and allowed for the control of 
the effects of year and sampling site. 
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2.3 Results 
Field type is the categorical explanatory variable for this study. Response (dependent) 
variables considered include: total Arthropod biomass, total Arthropod number, average 
Arthropod size, and Arthropod diversity measured by number per classification order. One-way 
ANOVA was used to test the Null Hypothesis (H0): Field type has no impact on response 
variable; or conversely, the Alternate Hypothesis (HA): field type has an impact on response 
variable. 
 Summary statistics combined with four-in-one residual plots serve as the basis for 
hypothesis testing, and presented in single-page format per each test conducted. These 
“composite figures” are compiled in the Appendix for c mpleteness, with selected figures noted 
below and in the sub-sections to follow for brevity in presentation.   
Figure B3 is an exemplar that shows the layout of Minitab 16 ANOVA results for 
hypothesis testing: Number of Arthropod Orders versus Field Type. Summary ANOVA statistics 
appear at the top of the figure below the title. The noted significance level (p-statistic) and 
correlation coefficients (R-sq and adjusted R-Sq) are likewise noted. For this study, p<0.05 
suggests the Null Hypothesis (H0) can be rejected, while p<0.001 suggests H0 can be strongly 
rejected. The correlation coefficients (along with the Residual Plots) will be used to suggest the 
amount to which the variance is being described by the proposed variable model. Summary 
population statistics are shown in Figure B3 between th  correlation coefficients and the quad-
residual plots. Here the number of observations per field type along with mean, standard 
deviation, and pooled standard deviation are noted to the left of the whisker-plots that depict 
“Individual 95% Confidence Intervals for Mean Based on Pooled Standard Deviations.” 
The bottom-half of Figure B3 shows four-quadrants Re idual Plots: Normal Probability 
(upper-left), Histogram (lower-left), residual versus mean (fit) value (upper-right), and residual 
versus observation order (lower-right). An underlying assumption of ANOVA is that the 
residuals are normally distributed which can be viewed in two different ways using the Normal 
Probability Plot (upper-left quadrant, also called the Normal Plot) and the histogram (lower-left 
quadrant). In the Normal Plot, the calculated probability of a residual occurrence (percent) is 
plotted on log scale (y-axis) versus the residual itself (x-axis). The superimposed straight line 
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represents a least-squares fit to these data, with “normally distributed” residuals falling on this 
line. The histogram (lower-left quadrant) allows for direct inspection of residual distribution, 
with continuous-normal symmetry readily apparent. Another underlying assumption of ANOVA 
is that residuals exhibit constant variance regardless of mean (fit) value. As such, the spread in 
residuals versus fit (upper-right quadrant) should be uniform and without exhibiting a trend, thus 
showing “homogeneity of variance.” Residuals plotted v rsus observation order (lower-right 
quadrant) should be zero-mean and without “structure.” 
2.3.1 Impact of the field type on total Arthropod biomass 
Corn, switchgrass, and native mixed grass prairie field types were compared to determine 
their impact on the abundance of arthropods, as measur d by biomass (in grams). In total 4,422 
insects were identified in 16 orders; 718 were collected in corn fields, 1,139 were found in 
switchgrass fields, and 2,565 were found in mixed grass prairie fields (Table 5). A One-way 
ANOVA was used to determine whether the arthropod bi mass present in a field is affected by 
the field type (R2-adj = 0.1922, P< 0.001, Figure B1). Native mixed grass prairie fields showed 
the highest biomass (mean = 0.09770 ± 0.08676 grams) with the lowest biomass present in corn 
(0.02267 ± 0.02373 grams), switchgrass fields were intermediate (0.04930 ± 0.04021 grams). 
The difference in biomass between corn and mixed grass prairie fields is statistically significant 
and sizeable (p<0.001), with a smaller but statistically significant difference between switchgrass 
and mixed grass prairie (p<0.001), but there is not a statistically significant difference between 
the insect biomass found in corn versus switchgrass fields (as shown in the whisker plot in 
Figure B.1 that displays the respective means and 95% Confidence Intervals). The field sizes 
were not consistent, and so each transect was analyzed to examine the total arthropod biomass 
within a 40m2 area in each type, rather than analyzing the total biomass for each field.  
2.3.2 Impact of the field type on total Arthropod number 
The three field types (corn, switchgrass, and native mixed grass prairie) were compared 
to determine their impact on the abundance of arthropods, as measured by the number of 
arthropods collected. As demonstrated by the One-way ANOVA, the number of arthropods 
present in a field is affected by field type (R2-adj = 0.1414, P < 0.001, Figure B2). Native mixed 
grass prairie fields again showed the highest abundance (mean = 49.33 ± 32.74) with the lowest 
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abundance present in corn (23.93 ± 12.74), switchgrass fields were in between (35.59 ± 17.16). 
The One-way ANOVA showed a statistically significant difference between the number of 
arthropods found in corn fields and the number of arthropods found in mixed grass prairie fields 
(p<0.001), a moderate difference between switchgrass and mixed grass prairie fields (p<0.05), 
but there was not a statistically significant difference between switchgrass and corn fields. 
 
2.3.3 Impact of field type on average size of Arthropods (biomass divided by 
number of Arthropods) 
The impact of field type on the average size of arthropods, as measured by biomass 
divided by arthropod number (grams per arthropod), was compared between corn, switchgrass, 
and native mixed grass prairie fields. The average siz  of arthropods present in a field is affected 
by the field type (R2-adj = 0.1024, P= 0.001, Figure B4). Native mixed grass prairie fields 
showed the largest average arthropod size (mean = 0.002262 ± 0.001890 grams per insect) with 
the smallest size present in corn (0.001026 ± 0.0011 4), switchgrass fields were in between 
(0.001405 ± 0.000934).  These numerical results are supported by field observations by the 
author, as corn fields were dominated by Diptera. While the one-way ANOVA shows a 
statistically significant difference between the avrage size of arthropods in corn and mixed grass 
prairie (p<0.001), with moderately significant difference between switchgrass and mixed grass 
prairie (p<0.05), but switchgrass is not statistically different from corn (Figure B4). 
2.3.4 Impact of the field type on Arthropod diversity 
The corn, switchgrass, and native mixed grass prairie field types were compared to 
determine their impact on the arthropod community diversity, as measured by the orders present 
within each field type.  All of the orders sampled, with at least 10 total individuals collected, 
were compared between field types. Using a Canonical Correspondence test the correlation 
between field type and orders present was examined. The data was randomized and tested 10,000 
times by the CANOCO 4.5 program and the results displayed in Figures 11 and 12. The 
canonical correspondence allowed for other variables, such as sampling year and field location, 
to be controlled for so that only the difference in field type could be examined.  
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 Figure 11 displays the canonical correspondence results summary and Figure 12 displays 
the results in a vector graph form, where correspondence related to field type are axis coordinate 
on a normalized frame. If an order falls along the axis line for a field type in Figure 12, then it is 
positively correlated with the field, with the strength of the correlation being shown by how far 
along the axis it is. If the axis line is continued straight backward through the midpoint, orders 
with a negative correlation to the field type are found there. Orders that are found between two 
axes show a correlation to both field types, either positive or negative. Of the orders collected, 
eight had strong positive or negative correlations with a specific field type, while the others 
showed weak correlations or multiple correlations. For example, Lepidoptera is not strongly 
positively correlated with mixed grass prairie or switchgrass fields, but is strongly negatively 
correlated with corn fields. Also, the position of Orthoptera on the graph shows a negative 
correlation with corn fields and a positive correlation with mixed grass prairie fields.  
It is reasonable to predict that moving away from corn production and to cellulosic 
ethanol production from either switchgrass monocultures or native mixed grass prairie 
polycultures would benefit those populations. Diptera populations do show a strong positive 
correlation with corn, though that may be because they compose over 50% of all the arthropods 
collected in those fields. Switchgrass was demonstrated to be strongly positively correlated with 
Coleoptera populations. The Coleoptera population sampled was observed by the author to be 
composed of primarily one type of beetle. This suggests that the one beetle species, at least, has 
an ample food source in the switchgrass monocultures.  
Odonata is also shown to be correlated with switchgrass and negatively correlated with 
corn. Acari, Thysanoptera, and Orthoptera populations are shown to be positively correlated with 
native mixed grass prairie fields and negatively correlated with corn fields. Araneae populations 
were strongly positively correlated with mixed grass prairie fields, falling right along the axis for 
that field type. Given that Araneae prey predominantly on insects, their presence may help to 
keep pest species in check in these fields. The othr rders examined, Hemiptera, Hymenoptera, 
and Homoptera, did not show a strong correlation with any field type. Hymenoptera and 
Homoptera display a slight negative correlation with corn, while Hemiptera was shown to have a 
slight negative correlation with switchgrass.  
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2.3.5 Impact of the Field Type on Number of Orders Present 
The impact of field type on the number of arthropod or ers present was compared 
between corn, switchgrass, and native mixed grass prairie fields using One-way ANOVA. The 
number of arthropod orders present in a field is affected by the field type (R2-adj = 0.3669, p< 
0.001, Figure B3). Native mixed grass prairie fields showed the largest number of arthropod 
orders (7.077 ± 1.532) with the lowest abundance present in corn (4.167 ± 1.704), switchgrass 
fields were in between (5.531 ± 1.502). Statistical significance was observed between corn and 
switchgrass (p<0.001), between corn and mixed grass prairie (p<0.001), and between 
switchgrass and mixed grass prairie (p<0.001); withclearly distinct populations depicted in the 
whisker plots of Figure B3. 
Figure 3 shows which orders, containing 10 total individuals or more, are present in each 
field and in what concentration. It is clear that the arthropod community in corn is predominated 
by Diptera, with all other orders representing less than 40% of the community. Diptera also 
comprise the largest percentage in the other two field types (Figure 9), but the community 
composition is richer in switchgrass, and richer still in mixed grass prairie fields (Figure 10). 
2.3.6 Impact of Field Type on the Number of Arthropods in each Order 
Figure 8 shows the total number of individuals sampled by order, with the amount found 
in each of the three field types distinguished. Diptera were by far the most prevalent order found 
in each field type, with the majority being found in mixed grass prairie fields. Hemiptera, 
Homoptera, Hymenoptera, Lepidoptera, Orthoptera, Thysanoptera, Acari, and Araneae also had 
the most individuals found in mixed grass prairie fields. Coleoptera had the most individual 
insects found in switchgrass fields, as did Odonata though many fewer total individuals were 
observed. No order had the majority of individuals found within corn fields.  
The percentage of individuals sampled by order is shown in Figure 9 and Table 6, with 
the amount found in each of the three field types distinguished. Diptera were by far the most 
prevalent order found in each field type. They account for 61.84% of the individuals found in 
corn, 43.47% of the individuals found in mixed grass prairie, and 39.33% of the individuals 
found in switchgrass. Coleoptera and Hemiptera eachac ount for almost 20% of the total 
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individuals found in switchgrass (17.91% and 16.33% respectively), with the remaining orders 
each representing less than 10% of the insect community. Hemiptera account for 15.88% of the 
remaining arthropod community in the corn fields, Homoptera individuals compose 8.50% and 
the remaining orders are each less than 5% of the population. For mixed grass prairie fields the 
remaining community is composed of Hemiptera at 17.89%, Homoptera at 13.65%, 
Hymenoptera at a 6.12%, Araneae at 4.41%, and then less for each of the remaining orders 
(Table 6).  
While each field type is dominated by Diptera, both Figure 3 and Figure 5 show that the 
corn community is largely homogenous at the order level, while the mixed grass prairie field is 
much more heterogeneous. The switchgrass fields display more heterogeneity than the corn, but 
they are largely composed of just three orders, with the remaining 13 each being represented by 
less than 10% of individuals.  
In Figure 5 the percent of individuals found in each order is compared against the 
populations of that order in other field types. Instead of comparing an order against the rest of the 
community in the field type, this figure shows how the populations of each individual order were 
distributed. Of all the Araneae individuals collected, 69.75% of them were found in the mixed 
grass prairie fields. Over 60% of the collected individuals for Hemiptera, Homoptera, 
Hymenoptera, Lepidoptera, Orthoptera, Thysanoptera, and Acari were found in a mixed grass 
prairie field, with over 50% of Diptera found there as well. Less than 20% of all of the individual 
Coleoptera, Hemiptera, Homoptera, Hymenoptera, Lepidoptera, Odonata, Orthoptera, 
Thysanoptera, Acari, and Araneae were found in a corn field (Table 7 and Figure 10). 
2.3.6.1 The Impact of Field Type on Individual Orders 
Corn, switchgrass, and native mixed grass prairie field types were compared to determine 
their impact on the abundance of each order individually, as measured by the average number of 
arthropods in each individual order collected per sample. One-way ANOVA results for each 
order are shown in the Table 8 and Figures B5 through B20. 
 The number of Coleoptera present is weakly affected by field type with the highest 
abundance in switchgrass fields and the lowest abundance present in corn, with mixed grass 
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prairie fields in between. Dermaptera abundance was not hown to be affected by field type, but 
less than 10 individuals were collected so results for this order are inconclusive. The number of 
Diptera present is weakly affected by field type, mixed grass prairie fields showed the highest 
abundance with the lowest abundance present in switchgrass and only slightly higher abundance 
in corn. Results suggest that the number of Hemiptera present is weakly affected by field type. 
Mixed grass prairie fields showed the highest abundance, lowest abundance was present in corn 
with switchgrass in between. The number of Homoptera present is weakly affected by field type. 
The highest abundance was in mixed grass prairie fields, the lowest abundance was present in 
corn, with switchgrass in between. The results suggest the number of Hymenoptera present is 
weakly affected by field type. Mixed grass prairie fields showed the highest abundance, lowest 
abundance was present in corn, with switchgrass in between. The number of Lepidoptera present 
is weakly affected by field type. The mixed grass prairie fields showed the highest abundance, 
lowest abundance present in corn, with switchgrass in between. The One-way ANOVA showed a 
significant difference between the average number of Lepidoptera found per sample in mixed 
grass prairie fields as compared to corn fields (p<0.05), but there was not a statistically 
significant difference between corn versus switchgrass fields, nor switchgrass versus mixed grass 
prairie fields. Neuroptera abundance was not shown t  be affected by field type, but less than 10 
individuals were collected so results for this order are inconclusive. The average number of 
Odonata collected per sample is weakly affected by field type. Switchgrass fields showed the 
highest abundance, there was zero abundance present in corn, and there was moderate abundance 
in mixed grass prairie. The number of Orthoptera present was shown to be weakly affected by 
field type. Mixed grass prairie fields showed the highest abundance, the lowest abundance was 
present in corn, with switchgrass in between. Siphonaptera abundance was not shown to be 
affected by field type, but less than 10 individuals were collected so results for this order are 
inconclusive. The number of Thysanoptera present is weakly affected by field type. Mixed grass 
prairie fields showed the highest abundance, the low st abundance present was in corn, and 
switchgrass showed intermediate abundance. The number of Acari present is strongly affected by 
field type. Mixed grass prairie fields showed the highest abundance, the lowest abundance 
present was in corn, with intermediate abundance in sw tchgrass. Araneae abundance was shown 
to be strongly affected by field type. Mixed grass prairie fields showed the highest abundance, 
lowest abundance present in corn, with intermediate lev ls in switchgrass. Lithobiomorpha and 
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Opiliones abundance was not shown to be affected by field type, but less than 10 individuals 
were collected for each order so results are inconclusive  
2.4 Discussion  
Statistical analysis revealed that cellulosic ethanol crop type does have an impact on 
arthropod communities; with individual orders having differing relationships with each crop 
choice. The current study has shown that arthropods were collectively found in greatest 
abundance and diversity in mixed grass prairie fields, with the lowest abundance and diversity 
being in corn fields and intermediate levels in switchgrass monocultures. The arthropod 
abundance was documented in the amount of arthropod biomass and the number of individuals 
collected. Diversity was documented both in the number of orders present, and the number of 
individuals present in each order, per field type. Diversity was also assessed by arthropod 
distribution related to field type both with the perc nt of arthropods in each order, and the 
average size of arthropods per sample (biomass of sample per number of individuals in the 
sample). These findings are discussed at length below. 
2.4.1 Arthropod Biomass and Number 
The highest levels of arthropod biomass were found in mixed grass prairie fields (Figure 
B1), which were statistically (p<0.001) larger than either corn or switchgrass fields. Field 
sampling used transects of consistent length and sampling technique (sweep), so these results 
indicate that the mixed grass prairie field type supports the largest arthropod community en 
masse. This finding is also supported by the average number of arthropods found (Figure B2) 
with mixed grass prairie fields containing an averag  of twice as many individuals as corn fields 
(49.3 individuals per sample versus 23.9, p<0.001), and 38% more average insect number than 
switchgrass (49.3 versus 35.6, p<0.05). Average arthropod size (Figure B3) in mixed grass 
prairie fields was also more than twice that of corn (p< 0.001) and 68% higher than switchgrass 
(p<0.05). These observations are consistent with known linkages between species biodiversity 
and environmental system biodiversity (Duelli t al., 1999; Diekotter et al., 2008). It was 
likewise shown that bumble bee diversity in prairie remnants was strongly influenced by nearby 
resources (Grixti et al., 2009). This suggests that the arthropod communities in mixed grass 
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prairie fields would benefit from increased field size, and that the communities in other crop 
types would benefit from having mixed grass prairie fields nearby.  
2.4.2 Number of Arthropod Orders and Order Correlation to Field Type 
 The number of orders present in all fields (Figure B3) was shown to be statistically 
different and distinct (p<0.001) between mixed grass prairie, switchgrass, and corn fields (7.1 
versus 5.5 versus 4.2, respectively). These data strongly indicate enhanced biodiversity when 
moving from corn to switchgrass monocultures, and highest diversity in mixed prairie 
polycultures (Figures B2 and B3). Canonical Correspondence (Figures 11 and 12) revealed that 
several arthropod orders were either positively or negatively correlated with field type. Positive 
correlations exist for Araneae and mixed grass prairie, Coleoptera and switchgrass, and Diptera 
and corn as seen in Figure B5 by the placement of these respective orders on the associated field 
axes. Negative correlations exist for Homoptera, Hymenoptera, and Lepidoptera with corn as 
seen in Figure B5 by these orders appearing on or very near the negative extension of the corn 
axis. Similarly, negative correlation is suggested b tween Hemiptera and switchgrass, with no 
negative order correlation evident for mixed grass prairie fields (Figure B5). The proximity of 
several orders to a given field axis showed modest po itive correlation for Orthoptera, 
Thysanoptera, and Acari with mixed grass prairie; while Odonata had modest correlation with 
switchgrass (Figure 12). No correlation of any kind was found in the current study for 
Dermaptera, Neuroptera, Siphonaptera, Lithobiomorpha, and Opiliones (Phalangida) due to 
minimal (single digit) numbers collected (Table 5) for these orders. These data suggest that 
simply moving away from corn in favor of either switchgrass monocultures or mixed grass 
polycultures would enhance Arthropod community diversity. This would be beneficial since 
arthropods are very important for the ecosystem as a whole (Wilson, 1987), and pollinators are 
particularly essential for much of our food production (Veddeler et al., 2008). Some insects, 
however, can have a harmful effect on crop yields (Bardner and Fletcher, 1974; Mann et al., 
2010; Entomology, 2013), so the positive correlation of Araneae to mixed grass prairie fields is 
promising. As an order that preys predominantly on other Arthropods, Araneae abundance may 
help control pest species naturally while allowing for the benefits of increased pollinator 
abundance. This could assist in increased crop yields without the environmentally harmful and 
economically costly use of pesticides (Schmuck et al., 2001; Bonmatin et al., 2003; Decourtye t 
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al., 2004a; Desneux et al., 2007; Aktar et al., 2009; Brittain and Potts, 2011; Henry et al., 2012; 
Krupke et al., 2012; Whitehorn et al., 2012). 
2.4.3 Arthropod Number and Distribution with Field Type 
The number of Arthropods collected in each order per field type is presented in Table 5 
and Figure 8. Each bar shows the number of individuals that were found in each field type (corn, 
switchgrass, and mixed grass prairie), so that prevalence comparison is possible between field 
types and, for each field type, prevalence comparison between different orders. These data 
however are affected by the number of samples taken which varies with field type (corn N=30, 
switchgrass N=32, mixed grass prairie N=52). As such, these data were further normalized to 
account for the imbalance in the number of samples acquired, and are noted below.  
Table 6 and Figure 9 depict each order as a percent of the total individual Arthropods 
sampled in each field type. The total community found in each field type can thus be examined 
on its own, and compared to the community composition of other field types. The ordinate in 
Figure 9 depicts decimal equivalent percentage (0.25 equates to 25%). In Table 6 it is clear that 
corn fields contain a most homogenous arthropod community, at the order level. Of all 
arthropods sampled, 61.83% Diptera, 15.88% were Hemipt ra, and every other order accounted 
for less than 10% of the community composition. Diptera also made up the largest share in 
switchgrass and mixed grass prairie fields, at 39.33% and 43.47% respectively, but the 
representation amongst the other orders is higher and much more even than in corn where five 
orders each represented less than 1% of the community. Th s corroborates previous research that 
found that insect species diversity is directly correlated with the diversity of the overall 
environment (Duelli et al., 1999; Diekotter et al., 2008). 
Table 7 and Figure 10 depict the individuals found in each field type as the percent of 
total population for that order, rather than as a percentage of the community in the field type. 
Instead of comparing an order against the rest of the community in the field type, Figure 10 
shows how the populations of each individual order w e distributed, with the ordinate again 
displayed as decimal equivalent percentage. Three orders, Dermaptera, Lithobiomorpha, and 
Opiliones, were found only in one field type each. However, each of those orders had fewer than 
10 total individuals collected (Table 5). Here we find that while Diptera accounted for 61.83% of 
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the total Arthropod community in corn fields (Table 6), only 22.12% of the Diptera collected 
were found there (Table 7). No order had more than 23% of individuals found in a corn field, but 
if crop choice did not affect the arthropod community we would expect to find roughly a third of 
individuals for each order within each field. Conversely, more than 60% of collected individuals 
for Hemiptera, Homoptera, Hymenoptera, Lepidoptera, Orthoptera, Thysanoptera, Acari, and 
Araneae were found in fields of mixed grass prairie. Individuals collected within switchgrass 
fields accounted for 52.31% of Coleoptera and 58.33% of Odonata, with all other orders falling 
between 30% and 16% (Figure 10 and Table 7). Mixed grass prairie polycultures show the 
greatest abundance of individual arthropods within each order, with two orders being more 
common in switchgrass. This too corroborates previous research that insect species diversity is 
directly correlated with the diversity of the environment (Duelli et al., 1999; Diekotter et al., 
2008). 
2.4.4 Average Arthropod Number and ANOVA Comparison with Field Type 
The total number of Arthropods found in each order for each field type was divided by 
the total number of samples taken for that field type to assess the relative abundance of each 
order per field type for statistical comparison between fields. These ‘average number per sample’ 
data are summarized in Table 6, where orders containi g less than 10 individuals collected per 
field type (Dermaptera, Neuroptera, Siphonaptera, Lithobiomorpha, and Opiliones/Phalangida; 
Table A5) were excluded. Here mean and standard deviation are shown in Table 6 for each order 
versus field type, as computed from Analysis of Variance (ANOVA) comparison of each order.  
Table 6 data are depicted along with summary ANOVA adjusted correlation coefficient 
(R2-adj) and significance level (p) for each order; with respective ANOVA comparison data 
shown in Figures B7 through B22. Of particular note is the significant distinction (p<0.001) for 
corn versus mixed grass prairie, and switchgrass versus mixed grass prairie for Acari (Figure 
B19) and Araneae (Figure B20) average number per sample.  Hymenoptera (Figure B12) 
likewise show strong distinction (p<0.01) between corn and mixed grass prairie; while 
distinction (p<0.05) is seen for Hemiptera (Figure B10), Homoptera ((Figure B11), Lepidoptera 
(Figure B13), Orthoptera (Figure B16), and Thysanoptera (Figure B18); and no significant 
distinction for these respective orders between switchgrass and mixed grass prairie field. There 
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was distinction (p<0.05) for both Coleoptera (Figure B7) and Odonata (Figure B15) between 
corn and switchgrass, but not mixed grass prairie.  
These ANOVA results are consistent with the Canonical Correspondence data shown in 
Figure B5 and discussed above in Section 2.4.2 regarding order positive, negative, or mixed 
correlation with field type. As such, these orders could be the foci for future biodiversity studies. 
Of particular interest to the current study is the progressive richness in diversity from corn to 
switchgrass to mixed grass prairie seen through these ANOVA analyses of average order number 
per sample. This data continues to support previous f ndings that insect species diversity is 
directly correlated with the diversity of the overall environment (Duelli et al., 1999; Diekotter et 
al., 2008). Given that both corn and switchgrass fields are monocultures, it suggests that another 
factor in addition to plant diversity is influential on arthropod communities. Switchgrass fields 
contain much denser vegetation, and this may influece arthropod abundance within those fields 
especially when compared to corn. Additionally, C4 grasses such as switchgrass and corn are a 
poor food source for herbivorous arthropods, such as Coleoptera and Orthoptera, and provide 
little benefit for pollinators (Haddad et al., 2001), such as Hymenoptera and Lepidoptera, as most 
are pollinated by the wind and corn may contain pesticides that kill them. Predatory arthropods, 
such as Odonata and Araneae, are unlikely to be found in fields with low overall abundance as 
they have little to eat. Forbs provide necessary food f r pollinators and can increase their 
abundance, but do not produce as much biomass as gras es. Legumes do not produce a large 
amount of biomass themselves, but the nitrogen their symbiotic bacteria fix into the soil allows 
for increased biomass production by other plants (Ceotto, 2008) and their flowers may also 
benefit pollinators. 
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2.4.5 Limitations, Recommendations and Conclusions 
Limitations: The exemplar ANOVA data shown in Figure B3 for Number of Arthropod Orders  
adheres to the underlying assumptions of residual normality and constant variance, yet exhibits 
relatively low values correlation numbers R2adj=0.37, suggesting more factors could be added to 
the current variable model beyond field type alone. Similarly, the bulk of ANOVA data 
presented herein possess normal plots which exhibit curvilinearity (non-normal distributions with 
discontinuities seen in the histograms), along with linear trending of variance (with outliers seen 
in the residual versus observation plot); while outliers were not excluded in this study, such an 
option could be incorporated in future work. Yet even with outlier exclusion, normal plot 
curvilinearity or trending variance may likely to persist in these data, and both issues are 
indicative of multiplicative factors not included in the model. The sweep netting sampling 
method has some biases: ground dwelling insects are often missed, flying insects may flee as the 
net gets close, and insects that have burrowed into the ground or into the plants themselves will 
be missed. This is a common sampling method and does provide a fairly detailed representation 
of the arthropod communities in the field, however additional sampling methods could be added 
to get and even more representative sample. Other factors that may have affected the data 
include, but are not limited to: field size, distance from field edge, field types bordering edge, 
proximity to forests, roads, and streams, sampling year, weather conditions in the sampling year, 
rotation of corn fields but not of switchgrass and mixed grass prairie fields. Some of these 
factors, such as crop rotation, mimic the conditions that would be experienced in large scale crop 
production. Corn crops would continue to be rotate as they are currently, while both switchgrass 
and mixed grass prairie fields are perennial crops that would not be. Others, such as field size 
and weather conditions, could be better controlled for through long term repeated sampling and 
standardization of field sizes on large scale plots. These factors were difficult to control in the 
current (pilot) study since the fields were graciously donated (for the project) private lands in the 
midst of agricultural production. That said, the results still have compelling implication for 
future study into ecosystem biodiversity in general, and as related to cellulosic ethanol biofuel 
production in particular. Other variables, like edg effect, could be studied more closely to see 
the effect mixed grass prairie production would have on surrounding crops. In Iowa, bumblebee 
diversity in prairie remnants was shown to be influenced not only by the resources in the field, 
but by the surrounding area as well (Grixti et al., 2009), and the presence of non-managed bee 
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populations on coffee farms was shown to increase yield by 80% and profitability by 800% 
(Veddeler et al., 2008). This suggests that placement of mixed grass prairie fields for biofuel 
production near fields were flowering crops (fruit trees, vegetables, and others) are planted could 
benefit the arthropod communities, the surrounding ecosystem, and increase the productivity and 
profitability of the other crops.  
Conclusion: The current study has shown that arthropods were coll ctively found in greatest 
abundance and diversity in mixed grass prairie fields, with the lowest abundance and diversity 
being in corn fields and intermediate levels in switchgrass monocultures. As noted in the 
literature, the benefits to increased biodiversity include increased crop yields and profitability in 
arthropod pollinated crops (Veddeler et al., 2008), and the use of crops that do not require heavy 
pesticide use could further benefit the pollinator p pulations (Schmuck et al., 2001; Bonmatin et 
al., 2003; Decourtye t al., 2004a; Desneux et al., 2007; Aktar et al., 2009; Brittain and Potts, 
2011; Henry et al., 2012; Krupke et al., 2012; Whitehorn et al., 2012). Increased system 
biodiversity is also correlated to increased system r silience, allowing the ecosystem to better 
recover from disturbances (Pimm, 1991; Chapin III et al., 1997; Duelli et al., 1999; Hoffmann, 
2005; Groom et al., 2008; Dale et al., 2013) and decreased susceptibility to pests and diseases 
(Cavins et al., 1972; Marris, 2009). While microalgae has a clear advantage over mixed grass 
prairie in terms of pure fuel potential (Table 1), the additional benefits to the agricultural 
arthropod community and pollinator dependent crops, as well as the ability to reclaim degraded 
lands and prevent erosion, demonstrate the importance of cultivating mixed grass prairie as a 
biofuel feedstock.  
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Tables and Figures: 
Table 1. Biofuel Crop Comparison 
a. Assumes annual U.S. transportation fuel use is approximately 550 billion liters gasoline and 160 billion liters of diesel. Based on 2005 
numbers. (EIA 2006). 
b. Pesticide use includes herbicides, fungicides, insecticides, and other toxins to fight pest infestations. 
c. Fertilizer use: high means >85% of farms apply a high amount, med means fewer farms apply it or a sm ller amount is used, low means little to 
no fertilizer is used. 
d. Water use: includes water used for crop growth and fuel production 
e. B - byproduct of another crop, C - Net carbon source, D - Net carbon sink, E - leads to soil erosion, F - competes with food production, H- 
already contributing to habitat destruction, M - can be grown on marginal or degraded land, N - native species, P - Pollinator habitat, R - 

















































































































































































































































































































































































































































































































































































































































































































































































































Table 2. Policy recommendations to provide sustainably grown, biodiversity-friendly biofuels (Groom et 
al., 2008)a,b  
1. Evaluate the entire life cycle of biofuel production, use, and waste disposal to calculate the ecological 
footprint of any biofuel. 
2. Require that the sustainability of biofuel feedstock production be assessed, and promote only biofuels that 
can be produced sustainably. 
3. Select species with high conversion efficiencies to minimize land area needed to produce biofuels. This will 
generally include lignocellulosic feedstocks for next-generation bi fuel production and, most promisingly, 
microalgae. 
4. Encourage restoration or reclamation of degraded areas for biofuel cultivation. 
5. Prohibit clearing of natural lands to increase area under cultivation. 
6. Ensure that feedstock production does not adversely affect ecosystem processes and sensitive habitats and 
investigate production methods that may enhance ecosystem processes over time. 
7. Promote use of energy crops that can be grown with low fertiliz r, pesticide, and energy inputs in most 
settings. 
8. Promote use of native and perennial species.  
9. Prohibit use of species that can become invasive. 
10. Promote polyculture to reduce soil depletion and create biofuel cropping systems that can be used by a 
greater diversity of wild species. 
11. Employ conservation tillage or other appropriate techniques to conserve soils. 
12. Measure the greenhouse gas emissions over the biofuel production and use life cycle, and promote only 
those biofuels that are based on feedstocks and refining methods that are net carbon neutral or that sequester 
carbon.  
a Each is also an area needing additional research to elp identify best practices, and each area can be expanded to detail 
distinct tiers for certification standards. 
b Table taken verbatim from paper.  
Figure 1  
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Burchett 2 1 1 2 1 2 
Huckleberry 1 1 1 1 1 1 
Kappy 2 1 0 2 1 0 
Mud Lake 2 1 1 2 1 0 
Total number of 
fields in type per 
year: 
7 4 3 7 4 3 
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Table 4: Plant species present in mixed grass prairie fields. The switchgrass (Panicum virgatum) 
fields were planted at the same time and are burned ev ry few years to prevent weeds. The non-
GMO feed corn is planted on fields and is rotated with soybeans and wheat, and the field is 













































Mixed Grass Prairie Field Plant Composition 
Plant Type Common Name Scientific Name 
Grass Big Bluestem Andropogon gerardii 
Grass Little Bluestem Schizachyrium scoparium 




Panicum virgatum L. 
Grass Canada Wild Rye Elymus Canadensis 
Forb Purple Coneflower Echinacea purpurea 
Forb Yellow Coneflower Ratibida pinnata 
















Figure 2: Boudeman Properties sampled.  
 
Barry County is north of the line, Kalamazoo County is south. Fields are outline by color; yellow is corn, 
pink is mixed grass prairie, and green is switchgrass.
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Figure 3: Burchett Fields.  
 
Fields are outline by color; yellow is corn, pink is mixed grass prairie, and green is switchgrass. 
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Figure 4: Huckleberry Fields.  
 
Fields are outline by color; yellow is corn, pink is mixed grass prairie, and green is switchgrass. 
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Figure 5: Kappy Fields.  
 
Fields are outline by color; pink is mixed grass prairie, and green is switchgrass.
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Figure 6: Mudd Lake Fields.  
 
Fields are outline by color; yellow is corn, pink is mixed grass prairie, and green is switchgrass. 
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Figure 7: Layout of sampling transects in each field  
 
 
Transects were laid out in each field at 5 meters in from the right and left edges, 20 meters in from the 
right and left edges, and the mid line. The side used was chosen so that neighboring fields shared the 
same starting side, with the burn lane between them b ing perpendicular to the starting side.  
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114 Total Samples 
Total Number 
Found in ALL 
fields 
Number found 
in Corn (30 
samples) 
Number found 






# of Arthropods 4422 718 1139 2565 
Coleoptera 390 42 204 144 
Dermaptera 3 0 0 3 
Diptera 2007 444 448 1115 
Hemiptera 759 114 186 459 
Homoptera 515 61 104 350 
Hymenoptera 249 29 63 157 
Lepidoptera 57 3 16 38 
Neuroptera 4 0 1 3 
Odonata 60 0 35 25 
Orthoptera 55 2 16 37 
Siphonaptera 4 0 1 3 
Thysanoptera 81 2 19 60 
Acari 73 3 12 58 
Araneae 162 18 31 113 
Lithobiomorpha 1 0 1 0 
Opiliones (Phalangida) 2 0 2 0 
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This chart shows the break down for all of the individual Arthropods collected. For each order 
sampled, a bar shows the number of individuals that were found in each field type (corn, 
switchgrass, and mixed grass prairie). For each order you can compare the prevalence between 
field types, and for each field type you can compare the prevalence between different orders. 
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Table 6: The Percent of Individuals in Each Field Type, by Order 
Order 
Percent of Individuals Found in 
Corn Switchgrass Mixed Grass Prairie 
Coleoptera 5.85 17.91 5.61 
Diptera 61.83 39.33 43.47 
Hemiptera 15.88 16.33 17.89 
Homoptera 8.50 9.13 13.65 
Hymenoptera 4.04 5.53 6.12 
Lepidoptera 0.42 1.40 1.48 
Odonata 0 3.07 0.97 
Orthoptera 0.23 1.40 1.44 
Thysanoptera 0.23 1.67 2.34 
Acari 0.42 1.05 2.26 
Araneae 2.51 2.72 4.41 
 




In this figure each order is represented as a percent of the total individual Arthropods sampled in 
each field type. The total community found in each field type can be examined on its own, and 
compared to the community composition in the other field types.
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Table 7: The Percent of Individuals in Each Order, by Field Type 
Order 
Percent of Individuals Found in 
Corn Switchgrass Mixed Grass Prairie 
Coleoptera 10.77 52.31 36.92 
Diptera 22.12 22.32 55.56 
Hemiptera 15.02 24.51 60.47 
Homoptera 11.84 20.19 67.96 
Hymenoptera 11.65 25.30 63.05 
Lepidoptera 5.26 28.07 66.67 
Odonata 0 58.33 41.67 
Orthoptera 3.63 29.09 67.27 
Thysanoptera 2.47 23.46 74.07 
Acari 4.11 16.44 79.45 
Araneae 11.11 19.14 69.75 
 
Figure 10: The Percent of Individuals Present in Each Order, by Field Type 
 
 
Here the individuals found in each field type are represented as the percent of total population for that order, rather 
than as a percentage of the community in the field type. Instead of comparing an order against the rest of the 
community in the field type, this figure shows how the populations of each individual order were distributed. If the 
field type had no influence on the arthropod communities in each order we would expect to find roughly a third, 
0.33, of them in each field type. By comparing each order to the yellow line, at 0.3, it is clear that this is not the 
case. Three orders, Dermaptera, Lithobiomorpha, and Opiliones, were found only in one field type each. However, 
each of those Orders had fewer than 10 total individuals collected (Table A5).
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Table 8: Average Number of Arthropods in Each Order Found per Sample 
 




(R2-adj = 0.037, P=0.046, F=3.17) 
1.4 ± 1.9 6.4 ± 15.0 2.8 ± 2.4 
Dermaptera* 
(R2-adj = 0, P=0.555, F=0.59) 0.0 ± 0.0 0.0 ± 0.0 0.06 ± 0.4 
Diptera 
(R2-adj = 0.0395, P=0.040, F=3.33) 14.8 ± 10.3 14.0 ± 8.5 21.4 ± 18.7 
Hemiptera 
(R2-adj = 0.0476, P=0.025, F=3.82) 3.8 ± 3.4 5.8 ± 8.4 8.8 ± 9.8 
Homoptera 
(R2-adj = 0.0377, P=0.044, F=3.21) 2.03 ± 1.8 3.3 ± 3.2 6.7 ± 12.6 
Hymenoptera 
(R2-adj = 0.0704, P=0.006, F=5.28) 1.0 ± 1.8 2.0 ± 3.5 3.02 ± 2.8 
Lepidoptera 
(R2-adj = 0.0401, P=0.038, F=3.36) 0.1 ± 0.3 0.5 ± 1.0 0.7 ± 1.4 
Neuroptera* 
(R2-adj = 0, P=0.395, F=0.94) 0.0 ± 0.0 0.03 ± 0.2 0.06 ± 0.2 
Odonata 
(R2-adj = 0.0587, P=0.013, F=4.52) 0.0 ± 0.0 1.1 ± 2.1 0.5 ± 1.4 
Orthoptera 
(R2-adj = 0.0420, P=0.034, F=3.48) 0.07 ± 0.3 0.5 ± 1.1 0.7 ± 1.3 
Siphonaptera* 
(R2-adj = 0, P=0.395, F=0.94) 0.0 ± 0.0 0.03 ± 0.2 0.6 ± 0.2 
Thysanoptera 
(R2-adj = 3.65, P=0.047, F=3.14) 0.07 ± 0.3 0.6 ± 2.7 1.2 ± 1.9 
Acari 
(R2-adj = 0.1180, P<0.001, F=8.56) 0.1 ± 0.4 0.4 ± 0.8 1.1 ± 1.6 
Araneae 
(R2-adj = 0.1302, P<0.001, F=9.46) 0.6 ± 0.8 1.0 ± 1.7 2.2 ± 2.09 
Lithobiomorpha* 
(R2-adj = 0.0051, P=0.280, F=1.29) 0.0 ± 0.0 0.3 ± 0.2 0.0 ± 0.0 
Opiliones 
(R2-adj = 0.0286, P=0.074, F=2.66) 0.0 ± 0.0 0.6 ± 0.2 0.0 ± 0.0 
* Less than 10 individuals were collected in this order 
 
The total number of Arthropods found in each order for each field type was divided by the total 
number of samples taken for that field type. This information was then analyzed in Minitab 16 to 
find the mean value. Most field sites had two prairie fields, but only one corn and one 
switchgrass field. This resulted in there being 52 samples taken in mixed grass prairie fields, 32 
in switchgrass fields, and 30 in corn fields. The av r ge number per sample was then analyzed to 
give a better understanding of the data.  
 
These are the numbers used for the individual Minitab analyzes of each order found below 
(Figures B5 through B20). 
 59
Figure 11:  
Canonical Correspondence Output 
**** Summary ****  
 
Axes                                                 1            2          3            4      Total inertia 
 
Eigenvalues:                                       0.040    0.024    0.235    0.150        1.132 
Species-environment correlations:     0.431    0.424    0.000    0.000 
Cumulative percentage variance 
   of species data:                                4.2        6.7         31.8     47.9 
   of species-environment relation:    62.7      100.0      0.0       0.0 
 
Sum of all               eigenvalues                                                            0.935 
Sum of all canonical     eigenvalues                                                       0.063 
 
 
The sum of all eigenvalues is after fitting covariables 
 
**** Summary of Monte Carlo test **** 
 
Test of significance of first canonical axis: eigenvalue =    0.040 
                                              F-ratio    =    4.723 
                                              P-value    =    0.0003 
 
Test of significance of all canonical axes  : Trace      =    0.063 
                                              F-ratio    =    3.870 
                                              P-value    =    0.0001 
 





Canonical Correspondence Output 
 
 
Orders located along the axis for a field type are positively correlated with the field type, 
with their distance along the axis indicating the str ngth of the correlation. Orders that are 
not found along an axis, but rather opposite to one, ar  negatively correlated to that field 
type. Lepidoptera is not correlated with mixed grass prairie or switchgrass fields, but is 
negatively correlated with corn fields.   
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Appendix: Statistical Data 
Figure B1: 
One-way ANOVA: Arthropod Biomass (grams) versus Field Type  
 
Source       DF       SS       MS      F      P 
Field Type    2  0.11722  0.05861  14.45  0.000 
Error       111  0.45032  0.00406 
Total       113  0.56754 
 




Level                 N     Mean    StDev 
Corn                 30  0.02267  0.02373 
Mixed Grass Prairie  52  0.09770  0.08676 
Switch Grass         32  0.04930  0.04021 
 
                     Individual 95% CIs For Mean Based on Pooled StDev 
Level                  +---------+---------+---------+--------- 
Corn                   (-------*------) 
Mixed Grass Prairie                               (-----*----) 
Switch Grass                    (------*-------) 
                       +---------+---------+---------+--------- 
                     0.000     0.030     0.060     0.090 
 





























































Normal Probability Plot Versus Fits
Histogram Versus Order






One-way ANOVA: Average Number of Arthropods versus Field Type  
 
Source       DF     SS    MS      F      P 
Field Type    2  12722  6361  10.31  0.000 
Error       111  68511   617 
Total       113  81233 
 
S = 24.84   R-Sq = 15.66%   R-Sq(adj) = 14.14% 
 
 
                                       Individual 95% CIs For Mean Based on 
                                       Pooled StDev 
Level                 N   Mean  StDev  --------+---------+---------+---------+- 
Corn                 30  23.93  12.74  (-------*------) 
Mixed Grass Prairie  52  49.33  32.74                         (-----*-----) 
Switch Grass         32  35.59  17.16            (-------*------) 
                                       --------+---------+---------+---------+- 
                                              24        36        48        60 
 



























































Normal Probability Plot Versus Fits
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One-way ANOVA: Average Number of Arthropod Orders versus Field Type  
 
Source       DF      SS     MS      F      P 
Field Type    2  166.45  83.23  33.74  0.000 
Error       111  273.83   2.47 
Total       113  440.28 
 
S = 1.571   R-Sq = 37.81%   R-Sq(adj) = 36.69% 
 
 
                                       Individual 95% CIs For Mean Based on 
                                       Pooled StDev 
Level                 N   Mean  StDev  ----+---------+---------+---------+----- 
Corn                 30  4.167  1.704  (-----*----) 
Mixed Grass Prairie  52  7.077  1.532                                (----*---) 
Switch Grass         32  5.531  1.502                (----*-----) 
                                       ----+---------+---------+---------+----- 
                                         4.0       5.0       6.0       7.0 
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One-way ANOVA: Average Arthropod Size versus Field Type  
 
Source       DF         SS         MS     F      P 
Field Type    2  0.0000328  0.0000164  7.44  0.001 
Error       111  0.0002447  0.0000022 
Total       113  0.0002775 
 





Level                 N      Mean     StDev 
Corn                 30  0.001026  0.001104 
Mixed Grass Prairie  52  0.002262  0.001890 
Switch Grass         32  0.001405  0.000934 
 
                     Individual 95% CIs For Mean Based on 
                     Pooled StDev 
Level                --+---------+---------+---------+------- 
Corn                 (--------*--------) 
Mixed Grass Prairie                         (------*-----) 
Switch Grass                (-------*--------) 
                     --+---------+---------+---------+------- 
                     0.00060   0.00120   0.00180   0.00240 
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One-way ANOVA: Coleoptera per Sample versus Field Type  
 
Source       DF      SS     MS     F      P 
Field Type    2   423.9  211.9  3.17  0.046 
Error       111  7425.9   66.9 
Total       113  7849.8 
 





Level                 N   Mean   StDev 
Corn                 30  1.400   1.923 
Mixed Grass Prairie  52  2.769   2.430 
Switch Grass         32  6.375  15.046 
 
                     Individual 95% CIs For Mean Based on 
                     Pooled StDev 
Level                -----+---------+---------+---------+---- 
Corn                 (---------*---------) 
Mixed Grass Prairie         (------*-------) 
Switch Grass                          (--------*---------) 
                     -----+---------+---------+---------+---- 
                        0.0       3.0       6.0       9.0 
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One-way ANOVA: Dermaptera per Sample versus Field Type  
 
Source       DF      SS      MS     F      P 
Field Type    2  0.0941  0.0471  0.59  0.555 
Error       111  8.8269  0.0795 
Total       113  8.9211 
 





Level                 N    Mean   StDev 
Corn                 30  0.0000  0.0000 
Mixed Grass Prairie  52  0.0577  0.4160 
Switch Grass         32  0.0000  0.0000 
 
                     Individual 95% CIs For Mean Based on 
                     Pooled StDev 
Level                -------+---------+---------+---------+-- 
Corn                 (----------------*----------------) 
Mixed Grass Prairie                (------------*------------) 
Switch Grass          (---------------*---------------) 
                     -------+---------+---------+---------+-- 
                         -0.060     0.000     0.060     0.120 
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One-way ANOVA: Diptera per Sample versus Field Type  
 
Source       DF     SS   MS     F      P 
Field Type    2   1418  709  3.33  0.040 
Error       111  23656  213 
Total       113  25073 
 





Level                 N   Mean  StDev 
Corn                 30  14.80  10.31 
Mixed Grass Prairie  52  21.44  18.96 
Switch Grass         32  14.00   8.49 
 
                     Individual 95% CIs For Mean Based on 
                     Pooled StDev 
Level                 --+---------+---------+---------+------- 
Corn                   (----------*---------) 
Mixed Grass Prairie                    (-------*-------) 
Switch Grass          (---------*---------) 
                      --+---------+---------+---------+------- 
                     10.0      15.0      20.0      25.0 
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One-way ANOVA: Hemiptera per Sample versus Field Type  
 
Source       DF      SS     MS     F      P 
Field Type    2   512.5  256.3  3.82  0.025 
Error       111  7441.1   67.0 
Total       113  7953.7 
 
S = 8.188   R-Sq = 6.44%   R-Sq(adj) = 4.76% 
 
 
                                       Individual 95% CIs For Mean Based on 
                                       Pooled StDev 
Level                 N   Mean  StDev  -------+---------+---------+---------+-- 
Corn                 30  3.800  3.408  (---------*---------) 
Mixed Grass Prairie  52  8.827  9.801                     (------*-------) 
Switch Grass         32  5.813  8.434         (--------*---------) 
                                       -------+---------+---------+---------+-- 
                                            3.0       6.0       9.0      12.0 
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One-way ANOVA: Homoptera per Sample versus Field Type  
 
Source       DF      SS     MS     F      P 
Field Type    2   491.3  245.6  3.21  0.044 
Error       111  8491.2   76.5 
Total       113  8982.5 
 





Level                 N   Mean   StDev 
Corn                 30  2.033   1.810 
Mixed Grass Prairie  52  6.731  12.590 
Switch Grass         32  3.250   3.172 
 
                     Individual 95% CIs For Mean Based on 
                     Pooled StDev 
Level                ----+---------+---------+---------+----- 
Corn                 (----------*---------) 
Mixed Grass Prairie                    (-------*-------) 
Switch Grass              (---------*---------) 
                     ----+---------+---------+---------+----- 
                       0.0       3.0       6.0       9.0 
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One-way ANOVA: Hymenoptera per Sample versus Field Type  
 
Source       DF      SS     MS     F      P 
Field Type    2   82.22  41.11  5.28  0.006 
Error       111  864.92   7.79 
Total       113  947.13 
 




Level                 N   Mean  StDev 
Corn                 30  0.967  1.752 
Mixed Grass Prairie  52  3.019  2.755 
Switch Grass         32  1.969  3.542 
 
                     Individual 95% CIs For Mean Based on Pooled StDev 
Level                  +---------+---------+---------+--------- 
Corn                   (---------*---------) 
Mixed Grass Prairie                           (------*-------) 
Switch Grass                     (---------*--------) 
                       +---------+---------+---------+--------- 
                     0.0       1.0       2.0       3.0 
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One-way ANOVA: Lepidoptera per Sample versus Field Type  
 
Source       DF      SS    MS     F      P 
Field Type    2    7.57  3.78  3.36  0.038 
Error       111  124.93  1.13 
Total       113  132.50 
 
S = 1.061   R-Sq = 5.71%   R-Sq(adj) = 4.01% 
 
 
                                       Individual 95% CIs For Mean Based on 
                                       Pooled StDev 
Level                 N   Mean  StDev  --------+---------+---------+---------+- 
Corn                 30  0.100  0.305  (----------*----------) 
Mixed Grass Prairie  52  0.731  1.359                       (-------*-------) 
Switch Grass         32  0.500  0.950              (---------*----------) 
                                       --------+---------+---------+---------+- 
                                             0.00      0.35      0.70      1.05 
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One-way ANOVA: Neuroptera per Sample versus Field Type  
 
Source       DF      SS      MS     F      P 
Field Type    2  0.0640  0.0320  0.94  0.395 
Error       111  3.7957  0.0342 
Total       113  3.8596 
 





Level                 N    Mean   StDev 
Corn                 30  0.0000  0.0000 
Mixed Grass Prairie  52  0.0577  0.2354 
Switch Grass         32  0.0313  0.1768 
 
                     Individual 95% CIs For Mean Based on 
                     Pooled StDev 
Level                ---+---------+---------+---------+------ 
Corn                 (------------*------------) 
Mixed Grass Prairie                (----------*---------) 
Switch Grass               (------------*------------) 
                     ---+---------+---------+---------+------ 
                     -0.050     0.000     0.050     0.100 
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One-way ANOVA: Odonata per Sample versus Field Type  
 
Source       DF      SS    MS     F      P 
Field Type    2   18.72  9.36  4.52  0.013 
Error       111  229.70  2.07 
Total       113  248.42 
 





Level                 N   Mean  StDev 
Corn                 30  0.000  0.000 
Mixed Grass Prairie  52  0.481  1.379 
Switch Grass         32  1.094  2.069 
 
                     Individual 95% CIs For Mean Based on 
                     Pooled StDev 
Level                ---------+---------+---------+---------+ 
Corn                 (--------*--------) 
Mixed Grass Prairie            (------*------) 
Switch Grass                            (-------*--------) 
                     ---------+---------+---------+---------+ 
                            0.00      0.60      1.20      1.80 
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One-way ANOVA: Orthoptera per Sample versus Field Type  
 
Source       DF      SS    MS     F      P 
Field Type    2    7.93  3.96  3.48  0.034 
Error       111  126.54  1.14 
Total       113  134.46 
 





Level                 N   Mean  StDev 
Corn                 30  0.067  0.254 
Mixed Grass Prairie  52  0.712  1.289 
Switch Grass         32  0.500  1.136 
 
                     Individual 95% CIs For Mean Based on 
                     Pooled StDev 
Level                ---------+---------+---------+---------+ 
Corn                 (----------*----------) 
Mixed Grass Prairie                       (-------*--------) 
Switch Grass                      (---------*----------) 
                     ---------+---------+---------+---------+ 
                            0.00      0.35      0.70      1.05 
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One-way ANOVA: Siphonaptera per Sample versus Field Type  
 
Source       DF      SS      MS     F      P 
Field Type    2  0.0640  0.0320  0.94  0.395 
Error       111  3.7957  0.0342 
Total       113  3.8596 
 





Level                 N    Mean   StDev 
Corn                 30  0.0000  0.0000 
Mixed Grass Prairie  52  0.0577  0.2354 
Switch Grass         32  0.0313  0.1768 
 
                     Individual 95% CIs For Mean Based on 
                     Pooled StDev 
Level                ---+---------+---------+---------+------ 
Corn                 (------------*------------) 
Mixed Grass Prairie                (----------*---------) 
Switch Grass               (------------*------------) 
                     ---+---------+---------+---------+------ 
                     -0.050     0.000     0.050     0.100 
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One-way ANOVA: Thysanoptera per Sample versus Field Type  
 
Source       DF      SS     MS     F      P 
Field Type    2   23.09  11.55  3.14  0.047 
Error       111  408.35   3.68 
Total       113  431.45 
 




Level                 N   Mean  StDev 
Corn                 30  0.067  0.254 
Mixed Grass Prairie  52  1.154  1.893 
Switch Grass         32  0.594  2.686 
 
                     Individual 95% CIs For Mean Based on Pooled StDev 
Level                   +---------+---------+---------+--------- 
Corn                    (----------*-----------) 
Mixed Grass Prairie                         (--------*--------) 
Switch Grass                     (----------*----------) 
                        +---------+---------+---------+--------- 
                     -0.60      0.00      0.60      1.20 
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One-way ANOVA: Acari per Sample versus Field Type  
 
Source       DF      SS     MS     F      P 
Field Type    2   22.75  11.37  8.56  0.000 
Error       111  147.51   1.33 
Total       113  170.25 
 
S = 1.153   R-Sq = 13.36%   R-Sq(adj) = 11.80% 
 
 
                                       Individual 95% CIs For Mean Based on 
                                       Pooled StDev 
Level                 N   Mean  StDev  ------+---------+---------+---------+--- 
Corn                 30  0.100  0.403  (-------*-------) 
Mixed Grass Prairie  52  1.115  1.555                        (-----*------) 
Switch Grass         32  0.375  0.793       (-------*--------) 
                                       ------+---------+---------+---------+--- 
                                           0.00      0.50      1.00      1.50 
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One-way ANOVA: Araneae per Sample versus Field Type  
 
Source       DF      SS     MS     F      P 
Field Type    2   56.18  28.09  9.46  0.000 
Error       111  329.61   2.97 
Total       113  385.79 
 




Level                 N   Mean  StDev 
Corn                 30  0.600  0.814 
Mixed Grass Prairie  52  2.173  2.093 
Switch Grass         32  0.969  1.675 
 
                     Individual 95% CIs For Mean Based on Pooled StDev 
Level                  +---------+---------+---------+--------- 
Corn                   (--------*-------) 
Mixed Grass Prairie                            (------*------) 
Switch Grass                (--------*-------) 
                       +---------+---------+---------+--------- 
                     0.00      0.70      1.40      2.10 
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One-way ANOVA: Lithobiomorpha per Sample versus Field Type  
 
Source       DF       SS       MS     F      P 
Field Type    2  0.02248  0.01124  1.29  0.280 
Error       111  0.96875  0.00873 
Total       113  0.99123 
 





Level                 N     Mean    StDev 
Corn                 30  0.00000  0.00000 
Mixed Grass Prairie  52  0.00000  0.00000 
Switch Grass         32  0.03125  0.17678 
 
                     Individual 95% CIs For Mean Based on 
                     Pooled StDev 
Level                ----+---------+---------+---------+----- 
Corn                 (-------------*-------------) 
Mixed Grass Prairie      (---------*---------) 
Switch Grass                      (-------------*------------) 
                     ----+---------+---------+---------+----- 
                      -0.025     0.000     0.025     0.050 
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One-way ANOVA: Opiliones (Phalangida) per Sample versus Field Type  
 
Source       DF      SS      MS     F      P 
Field Type    2  0.0899  0.0450  2.66  0.074 
Error       111  1.8750  0.0169 
Total       113  1.9649 
 





Level                 N    Mean   StDev 
Corn                 30  0.0000  0.0000 
Mixed Grass Prairie  52  0.0000  0.0000 
Switch Grass         32  0.0625  0.2459 
 
                     Individual 95% CIs For Mean Based on 
                     Pooled StDev 
Level                 --+---------+---------+---------+------- 
Corn                  (-----------*-----------) 
Mixed Grass Prairie      (--------*--------) 
Switch Grass                          (-----------*----------) 
                      --+---------+---------+---------+------- 
                     -0.040     0.000     0.040     0.080 
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